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SUMMARY 

In  Method 13B, t o t a l  f l uo r ides  (gaseous and p a r t i c u l a t e )  are 
ex t r ac t ed  i s o k i n e t i c a l l y  from the  source by us ing  a sampling 
t r a i n  s imilar  t o  the  one spec i f i ed  i n  Method 5 (Sect ion 3 . 4  of 
t h i s  Handbook); however, the  f i l t e r  does not  have t o  be heated ,  
and it may be l o c a t e d  e i t h e r  immediately a f t e r  t h e  probe o r  
between the t h i r d  and four th  impingers. 

The s p e c i f i c - i o n  e l ec t rode  method f o r  q u a n t i t a t i v e l y  mea- 
sur ing  the  f l u o r i d e s  co l l ec t ed  i n  t h e  t r a i n  is appl icable  t o  
f l u o r i d e  ( F )  emissions from s t a t i o n a r y  sources ,  b u t  no t  t o  f luo -  
rocarbons such as Freon. The concentrat ion range of the method 
1s from 0 .02  t o  2 , 0 0 0  pg F/ml; cp.1 p g  F/ml requires e x t r a  care. 
S e n s i t i v i t y  of t h e  method has no t  been determined. 

An i n t e r f e r e n t  i n  the  c o l l e c t i o n  of  f luo r ides  i s  g rease  on 
sample-exposed s u r f a c e s .  The f luo r ide  absorpt ion i n t o  t h e  grease 
causes l o w  results due t o  a lack of sample recovery.  I f  it can 
be shown t o  t h e  s a t i s f a c t i o n  of the adminis t ra tor  t h a t  samples 
conta in  only  water  so lub le  f l u o r i d e s ,  fusion and d i s t i l l a t i o c  may 
be o m i t t e d  from t h e  ana lys i s .  

a 



Section No. 3.9 
Revision No. 0 
Date January 4, 1982 
Page 3 of 10 

METHOD HIGHLIGHTS 

Section 3.9 (Method 13B) describes specifications for the 
sampling and analysis of total fluoride emissions from stationary 
sources. A gas sample is isokinetically extracted from the 
source stream, and the fluorides in the stream are collected in 
the sampling train. 

The sampling train is similar to that in EPA Method 5 ,  with 
a few exceptions-the filter does not have to be heated, and it 
may be located either immediately after the probe or between the 
third and fourth impingers. If it is between the probe and the  

first impinger, a borosilicate glass or stainless steel filter 
holder with a 20-mesh stainless steel screen filter support and a 
silicone rubber gasket must be used. If it is between the third 
and fourth impingers, a glass frit filter support may be used. 

Sampling is generally the same as in Method 5 ,  but a nozzle 
size that will maintain an isokinetic sampling rate of (28 &/min 
((1.0 ft3/min) must be used. Samples and standards must be the 
same temperature during analysis by the specific-ion electrode 
(SIE). A change of l0C ( 2 O F )  will cause a 1.5% relative error in 
the sample measurements. Lack of stability in the electrometer 
can also cause significant error in the results, but the main 
cause of error has been found to be distillation during sample 
analyses. 

The collected sample is recovered by transferring the mea- 
sured condensate and impinger water to a sample container, adding 
the filter and the rinsings of all sample-exposed surfaces to 
this container, and fusing and distilling the sample. The dis- 
tilled sample is then analyzed with a S I E .  Fusion and distilla- 
tion may be omitted if it can be shown to the satisfaction of the 
administrator that the samples contain only water soluble fluo- 
rides. 

Collaborative tests have shown that fluoride concentrations 
from 0.1 to 1.4 pg F/m3 could be determined with an intralabora- 
tory precision of 0.037 1-19 F/m3 and an ihterlaboratory precision 
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o f  0.056 p g  F/m3. For these tests s i x  contractors  simultaneously 
took dupl icate  samples from a s tack.  The col laborat ive test did 
not f ind  any bias  i n  the ana ly t i ca l  rneth0d.l 

The Method Description (Sections 3.9.1 to 3.9.9) is  based on 
the  detai led spec i f ica t ions  i n  the  Reference Method (Section 
3.9.10) promulgated by EPA on June 20,  1980.* 

1. Procurement o f  Apparatus and Suppl ies  
Section 3.9.1 gives spec i f ica t ions ,  c r i t e r i a ,  and design 

features  f o r  the required equipment and mater ia ls-  The sampling 
apparatus f o r  Method 13B has the  same design fea tures  as t h a t  of 
Method 5 ,  except f o r  the  posi t ioning of the  f i l t e r  i n  the  s m -  
p l i n g  t r a i n .  T h i s  sec t ion  can be used as a guide f o r  procurement 

The a c t i v i t y  

matrix (Table 1.1) at the end of the sec t ion  is  a summary of  the  
d e t a i l s  given i n  the  t e x t  and can be used as a quick reference. 
2 .  Pretest Preparations 

Section 3.9.2 describes the required ca l ib ra t ion  procedures 
f o r  the Method 13B sampling equipment (same as  Method S), except 
f o r  the  S I E .  A pretest checklist (Figure 3.1 o r  a similar fom) 
should be used t o  summarize the c a l i b r a t i o n  and other  pe r t inen t  
p r e t e s t  data. 

Section 3.9.3 describes the preparat ion of supplies and 
equipment needed f o r  the sampling. The p r e t e s t  preparation form 
(Figure 3.2 o f  Section 3.4.3) can be. used a s  an equipment check- 
l i s t .  Suggestions f o r  packing t h e  equipment and supplies f o r  
shipping are given t o  help minimize breakage. 

A c t i v i t y  matrices f o r  t he  c a l i b r a t i o n  of equipment and the 
presampling operations ( T a b l e s  2.1 and 3 .l) summarize the a c t i v i -  
t i es  detai led i n  the t e x t .  
3. On-site Measurements 

Section 3.9.4 describes procedures f o r  sampling and sample 
recovery. A checkl i s t  (F igu re  4.5) i s  an easy reference for  
f i e l d  personnel t o  use i n  all sampling a c t i v i t i e s .  

. and i n i t i a l  checks of equipment and supplies.  

. <  
I .\I 
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4 .  P o s t t e s t  Operations 
Sect ion 3.9.5 describes the postsampling a c t i v i t i e s  f o r  

checking the  equipment and t h e  a n a l y t i c a l  procedures.  A form is 
given for recording d a t a  from the p o s t t e s t  equipment c a l i b r a t i o n  
checks; a copy of t h e  form should be included i n  the emission 
tes t  f i n a l  r e p o r t .  A con t ro l  sample of  known (F) concentrat ion 
should be analyzed before  analyzing t h e  sampie f o r  a q u a l i t y  
con t ro l  check on the a n a l y t i c a l  procedures.  The detai led ana- 
l y t i c a l  procedures can be removed f o r  use as easy references in 
t h e  labora tory .  An a c t i v i t y  matr ix  ( T a b l e  5 .1 )  summarizes t h e  
postsampling opera t ions .  

Sect ion 3.9.6 describes c a l c u l a t i o n s ,  nomenclature, and 
s i g n i f i c a n t  d ig i t s  f o r  the data  reduct ion.  A programmed calcu-  
l a t o r  is recommended t o  reduce c a l c u l a t i o n  e r r o r s .  

Sect ion 3.9.7 recommends r o u t i n e  and preveritive maintenance 
programs. The programs are n o t  required, b u t  their  use should 
reduce equipment downtime. 
5 .  Auditin$ Procedures 

Sect ion 3.9.8 describes performance and system a u d i t s .  
Performance a u d i t s  f o r  both the  a n a l y t i c a l  phase and the data 
process ing  are described. A c h e c k l i s t  (Figure 8.2) o u t l i n e s  a 
system a u d i t .  

Sect ion 3 .9 .9  l i s t s  the  primary s tandards t o  which the 
working s tandards o r  c a l i b r a t i o n  s tandards should be traceable. 
6 .  References 

Sect ion 3 .9 .10  conta ins  t he  promulgated Reference Method; 
Sect ion 3.9.11 conta ins  t h e  re ferences  used throughout t h i s  
t e x t ;  and Sect ion 3.9.12 conta ins  copies of da ta  forms recoxn- 
mended f o r  Method 13B. 
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PRETEST SAMPLING CHECKS 
(Method 13B, Figure 3.1) 

Date Calibrated by 

Meter box number AH@ 

Dry Gas Meter* 

Pretest calibration factor Y (within f2% of the 
average factor for each calibration run). 

Impinqer Thermometer 

Was a pretest temperature correction used? Yes no 
If yes, temperature correction (within fl°C (2OF) 
of reference values for calibration and within f2'C (4'F) of 
reference values for calibration cheek) 

Dry Gas Meter Thermometers 

Was a pretest temperature correction made? Yes . no 
If yes, temperature correction (within f3'C (5.4'F) of 
reference value for calibration and within 6'C (10.8'F) of 
reference values for calibration check) 

Stack Temperature Sensor* 

Was a stack temperature sensor calibrated against a reference 
thermometer ? Yes no 
If y e s l  give temperature range with which the readings agreed 
within fl.5% of the reference values to K (OR) 

Barometer 

Was the pretest field barometer reading correct? - yes - XlO 
(within f2.5 mm (0.1 in.) Hg of the mercury-in-glass barometer) 

Nozzle* 

Was the nozzle calibrated to the nearest 6.025 mm (Q.001 in.)? 
Y e s  no 

"Most significant i.tems/parameters to be checked. 
.-.._ 

\ 

i" \ I -  q L  
\ 
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ON-SITE MEASUREMENTS 
(Method 13B, Figure 4.5) 

Apparatus 

Probe nozzle: stainless steel glass 
size Button-hook elbow 

Clean? - ~ _._ 

Probe liner: borosilicate quartz other 

Pi 

Di 
Pitot tube coefficient 

ge: two inclined manometers .ffesential pressure gauj 
Qther sensitivity 

Filter holder: borosilicate qlass glass frit 
other - asket filter support silicone S 

Clean? 

Clean? 
- - - Condenser: n umber of imDincJers 

Coolins system 
2nd 3rd 4th - Contents: 1st 

Proper connections? 
Mod1 f ications 

- -  

Barometer: mercury . aneroid other 
Gas density determination: temperature sensor type 
pressure gauge 
temperature sensor properly attached to probe?* 

Procedure 

Recent calibration: pitot tubes* 

Filters checked visually for irregularities?* 
Filters properly labeled?* 
Sampling site properly selected? 
Nozzle size properly selected?* 
Selection of sampling time? 
All openings to sampling train plugged to prevent pretest con- 

Impingers grog,lerly assembled? 
Filter properly centered? - 
Pitot tube lines checked f o r  plugging OK leaks?* 

meter box* thermometers/thermocouples* 

tamination? - 
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Figure 4 . 5  (cont inued)  

Meter box leveled? Pe r iod ica l ly?  
Manometers zeroed? 
AH@ from most r ecen t  c a l i b r a t i o n  
Nomograph setup properly? 
Care taken t o  avoid scraping n ipple  o r  s t a c k  w a l l ? *  
Effective s e a l  around probe when in-s tack? 
Probe moved a t  proper  t i m e ?  
Nozzle and p i t o t  tube p a r a l l e l  t o  stack w a l l  a t  a l l  t i m e s ? *  - 

F i l t e r  changed during run? 
Any p a r t i c u l a t e  l o s t ?  

Data forms complete and da ta  proper ly  recorded?* 
Nomograph s e t t i n g  changed when s t a c k  temp changed s i g n i f i c a n t l y ?  

Veloci ty  pressure  and o r i f i c e  pressure  readings recorded 

Sampling performed a t  a ra te  less than  1 . 0  c f m  
P o s t t e s t  leak check performed?* (mandatory) 
Leakage r a t e  @ i n .  H g  

accurately?* 

O r s a t  ana lys i s  from s t a c k  i n t e g r a t e d  
F y r i t e  combustion ana lys i s  sample l o c a t i o n  
Bag system leakchecked?* 
If da t a  forms cannot be copied, record:  

approximate s t a c k  temp volume metered 
% i s o k i n e t i c  ca l cu la t ed  a t  end of  each run 

SAMPLE RECOVERY 

Brushes: nylon br i s t le  o t h e r  

Wash b o t t l e s :  polyethylene o r  g l a s s  

Storage conta iners :  polyethylene o t h e r  

Graduated cyl inder/or  balance: 

Probe allowed t o  cool  s u f f i c i e n t l y ?  
Cap placed over nozzle  t i p  t o  prevent  loss of  p a r t i c u l a t e ? *  

Clean? 

Clean? 

Clean? Leakfree? 

o the r  
Balance: type 

s-ubdivisions - (2 ml?* 

During sampling t r a i n  disassembly, are a l l  openings capped? 
Clean-up area desc r ip t ion :  

Clean? Protected from wind? 

S i l i c a  ge l :  type ( 6  t o  16  mesh)? new? used? 
Color? Condition? 

Fil ters:  paper type 

Fi l t e r  handling: tweezers used? 
s u r g i c a l  gloves? o t h e r  
Any f l u o r i d e  s p i l l e d ? *  

(cont inued)  
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Figure 4 .5  (cont inued)  

Water d i s t i l l e d ?  
Stopcock grease : aceton- _____-- --. 

heat -s tab le  s i l i c o n e ?  o ther  
Probe handling: d i s t i l l e d  water r i n s e  
Fluoride recovery from: probe nozzle 

probe f i t t i n g  probe l i n e r  
f r o n t  half  of filt- 

Blank: f i l t e r  : 
Any visible particles on f i l t e r  holder  i n s i d e  probe?:* 

All j a r s  adequately labeled? Sealed t i g h t l y ?  
L i q u i d  l e v e l  marked on jars?* 
Locked UD? 

F i l t e r  blahk 

*Most s i g n i f i c a n t  items/parameters t o  be checked. 
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METHOD 13B CHECKLIST FOR AUDITORS 
(Method 13B, Figure 8.2) 

Comment 

General Comments: 

1. 
2 .  

3. 
4. 
5 .  
6. 
7 .  

8 .  

9. 

10. 
11. 
12. 

Presarnplinq Preparation 

Knowledge of process conditions 
Calibration of equipment, before 
field test 

On-Site Measurements 

Sample train assembly 
Pretest leak check 
Isokinetic sampling 
Posttest leak check 
Record process conditions during 
collection 

each 

sample 

Sample recovery and data integrity 

Posts amp 1 ing 

Accuracy and precision of control sample 
analysis 
Recovery of samples for distillation 
Calibration checks 
Calculation procedure/check 

c i ;,' 
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METHOD DESCRIPTION 

1 . 0  PROCUREMENT OF APPARATUS AND SUPPLIES 

A schematic of the sampling train used in Method 13B is 
shown in Figure 1.1. The train and the sampling procedures are 
similar to EPA Method 5; the procedures and equipment for Methods 
1 3 A  and 13B are identical. Commercial models of: the train are 
available. For those who want to build their own, construction 
details are in APTD-0581; allowable modifications are described 
herein. The operating, maintenance, and calibration procedures 
&or the sampling train are in APTD-O576.* Since correct usage is 
important in obtaining valid results, a l l  users are advised to 
read this document and to adopt its procedures unless alterna- 
tives are outlined herein. 

Specifications, criteria, and/or design features are given 
in this section to aid in the selection of equipment which as- 
sures collection of good quality data. Procedures and limits 
(where applicable) for acceptance checks are a lso  given. 

During procurement of equipment and supplies, a log (Figure 
1.2) should be used to record the descriptive titles and ident i -  
fication numbers (if applicable) of the equipment and the results 
of the acceptance checks; a blank copy of the procurement log is 
in Section 3.9.12 for the convenience of the Handbook user. If 
calibration is required for the acceptance cheek, a calibration 
log should be used to record the data. T a b l e  1.1 at the end of 
this section summarizes the quality assurance activities for the 
procurement and acceptance of apparatus and supplies. 
1.1 Samplinq Apparatus 
1.1.1 Probe Liner - The sampling probe should be constructed of 
borosilicate glass (Pyrex) o r  316 stainless steel tubing with an 
outside diameter (OD) of about 16 mm (0.625 i n .  ) ;  it should  be 
encased in a stainless s tee l  sheath with an OD of 25.4 mm (1.0 
in. ) .  
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A heating system may be required t o  maintain the e x i t  gas a t  
120' f 1 4 O C  (248' f25OF) during sampling. Other temperatures may 
be spec i f ied  by a subpart  of t he  regulat ions or approved by t h e  
administrator.  Since t h e  probe o u t l e t  temperature is  not  usual ly  
monitored during sampling, probes constructed i n  accordance t o  
APTD-O58l3 and ca l ib ra t ed  w i t h  procedures i n  APTD-O576* w i l l  be 
acceptable. 

Upon receiving a new probe, v i s u a l l y  check f o r  specif ica-  
t i o n s  ( i . e . ,  t h e  length and composition ordered) and f o r  breaks 
o r  cracks; leak check on a sampling t r a i n  (Figure 1.1); and check 
the  nozzle-to-probe connection w i t h  a Viton-O-ring o r  with Teflon 
f e r r u l e s  for g las s  l i n e r s  o r  s t a i n l e s s  s t e e l  f e r r u l e s  f o r  s t a i n -  
less s t e e l  l i n e r s .  

The probe heat ing system should be checked as follows: 

1. Connect the probe by a t tach ing  the  nozz le  t o  the pump 
i n l e t .  

2 .  Connect t h e  probe heater  t o  the  e l e c t r i c a l  source, and 
t u r n  it on f o r  2 o r  3 min; it should become w a r m  t o  the touch. 

3 .  S t a r t  t he  pump, and ad jus t  t he  needle valve u n t i l  a 
flow r a t e  o f  about 0.02 rn3/min (0 .75  ft3/min) is  achieved. 

4. Be sure  t h a t  t h e  probe remains warn t o  t h e  touch and 
tha t  the  heater  maintains t h e  e x i t  gas at a m i n i m u m  of 100eC 
(212OF);  i f  no t ,  r e p a i r ,  r e tu rn  t o  the  suppl ie r ,  o r  reject the 
probe. 

1.1.2 Probe Nozzle - The probe nozzle should be designed w i t h  a 
sharp, tapered leading edge and should be constructed of e i t h e r  
seamless 316 s t a i n l e s s  steel tubing o r  g lass  formed i n  a button- 
hook o r  elbow configuration. The tapered angle should be f30°, 
with the  t ape r  on the  outs ide t o  p re seme  a constant i n s ide  
diameter (ID). 

A range of nozzle ID'S [e.g. ,  0 .32  t o  1 . 2 7  cm (0.125 t o  0 . 5  
i n .  ) i n  increments of 1 . 6  mm (0.0625 i n .  > ]  should be ava i lab le  
f o r  i s o k i n e t i c  sampling. Larger nozzle s i z e s  may be required 
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f o r  hi-vol sampling t r a i n s  o r  f o r  very low s tack gas v e l o c i t i e s .  
Each nozzle should be engraved w i t h  an i d e n t i f i c a t i o n  number for 
inventory and f o r  c a l i b r a t i o n  purposes. 

Upon r ece ip t  of t he  nozzle from the  manufacturer and before 
each tes t ,  inspect  it f o r  roundness and corrosion and for  damage 
(n icks ,  dents ,  and bu r r s )  t o  the  tapered edge, and check the  I D  
with a micrometer. (Cal ibrat ion procedures a re  i n  Sec t ion  
3.9.2.) Sl igh t  va r i a t ions  from exact IDIS should be expected due 
t o  machining tolerances.  Reshape, r e tu rn  t o  suppl ier  o r  reject. 

1.1.3 Pitot Tube - The p i t o t  tube, preferably of Type S design, 
shown i n  F igure  1.1 should meet the  requirements o f  Method 2 
(Section 3 .1 .2 ) .  Proper pitot-tube-sampling-nozzle configuration 
f o r  prevention of aerodynamic in te r fe rence  is shown i n  Figures 
2 . 6  and 2 . 7  of Method 2 (Section 3.1.2). 

Visually inspec t  the v e r t i c a l  and horizontal  t i p  alignments. 
I f  t he  tube i s  purchased as  an i n t e g r a l  p a r t  of a probe assembly, 
check the dimensional clearances using Figures 2 . 6  and 2.7 of 
Section 3.1.2. Repair o r  r e tu rn  any p i t o t  tube t h a t  does no t  
meet spec i f ica t ions .  

\ 

1.1.4 Di f f e ren t i a l  Pressure Gauge - The d i f f e r e n t i a l  pressure 
gauge should be an incl ined manometer o r  the equivalent,  as 
spec i f ied  i n  Method 2, Section 3.1.2. Two gauges are required. 
One is used t o  monitor the s tack  ve loc i ty  pressure,  and the other  
t o  measure the  o r i f i c e  pressure d i f f e r e n t i a l .  

I n i t i a l l y ,  check the gauges aga ins t  a gauge-oil manometer a t  
a minimum of t h ree  points--0.64, 12.7, and 25.4 mm ( 0 . 0 2 5 ,  0 .5 ,  
and 1 . 0  i n . )  H20--to see i f  they read within 5% a t  each test  
point .  Repair o r  r e tu rn  t o  the  suppl ie r  any gauge t h a t  does no t  
meet these requirements. 

1.1.5 F i l t e r s  - I f  the f i l t e r  is between the  t h i r d  and fourth 
impingers, use a Whatman No. 1 ( o r  equivalent)  f i l t e r ,  sized t o  
fit the  f i l t e r  holder.  I f  it is between t h e  probe and the  first 
impinger,  use any su i t ab le  medium (e-g., paper o r  organic mem- 
brane) as long as  the f i l t e r  can wi ths tand  prolonged exposure up 
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to 135OC (275OF) and has - >95% collection efficiency (55% penetra- 
tion) for 0 . 3 - p  dioctyl phthalate smoke particles. 

Conduct the filter efficiency test before beginning the 
sampling by using either the ASTM Standard Method D2986-71 or 
test data from the supplier's quality control program. The 
filter should have a low F blank value (~0.015 - mg F/cm2 of filter 
area);' determine the average values of at least three filters 
from the lot to be used for sampling. Glass fiber filters gen- 
erally have high and/or variable F blank values, and thus are not 
acceptable. 

1.1.6 Filter Holder - If the filter is located between the probe 
and first impinger a borosilicate glass or stainless steel filter 
holder with a 20 mesh stainless steel mesh frit filter support 
and a silicone rubber gasket is required by the Reference Method. 
If it. is between the third and fourth impingers, the tester may 
use borosilicate glass with a glass frit filter support and a 

silicone rubber gasket. Other gasket materials (e. g. , Teflon or 
Viton) may be used if approved by the administrator. 

The holder design must provide a positive seal against 
leakage from the outside or around the filter. The holder should 
be durable, easy to load, and leak free in normal applications. 
Check visually before use. If immediately following t h e  probe, 
the filter should be positioned toward the flow. 

1.1.7 Filter Heatinq System - Any heating system may be used 
which is capable of maintaining the filter holder at 120' f14OC 
(248O f25OF) during sampling. Other temperatures may be speci- 
fied by a subpart of the regulations or approved by the admini- 
strator. The heating element should be easily replaceable in 
case of malfunction during sampling. A gauge capable of mea- 
suring within 3OC (5.4OF) should be used to monitor the tempera- 
ture around the filter during sampling. 

Check the heating system and the temperature monitoring 
device before sampling. 
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1.1.8 Condenser - Four impingers with leak-free, noncontaminated 
ground-glass or similar fittings should be connected in series. 
The first, third, and fourth impingers must be B modified 
Greenburg-Smith design that has a glass tube (instead of inserts) 
with an unconstricted 13-mm (0.5-in.) ID extending to within 13 
mm (0.5 in. ) of the flask bottom. The second impinger must be a 
Greenburg-Smith with the standard tip and plate. Modifications- 
for example, using flexible connections between impingers, using 
materials other than glass, or using a flexible vacuum hose to 
connect the filter holder to the condenser--must be approved by 
the administrator. * The fourth impinger outlet connection must 
allow insertion of a thermometer capable of measuring fl'C (2'F) 
of true value in the range of 0' to 25OC (32' to 77OF). 

Alternatively, any system that cools the gas stream and 
allows measurement of the condensed water and the water vapor 
leaving the condenser, each to within 1 ml or 1 g, may be used 
with approval from the administrator. 

Upon receipt of a standard Greenburg-Smith impinger, fill 
the inner tube with water; if the water does not drain through 
the orifice in 6 to 8 s or less, replace or enlarge t h e  impinger 
tip to prevent an excessive pressure drop in the sampling system. 
Check each impinger visually f o r  damage--breaks, cracks, or 
manufacturing flaws such as poorly shaped connections. 
1.1.9 Metering System - The metering system should consist of a 

vacuum gauge, a vacuum pump, thermometers capable of measuring 
f 3 O C  (5.4OF) of true value in the range of 0' to 90°C (32O to 
194'F), a dry gas meter with kZ% accuracy at the required sam- 
pling rate, and related equipment shown in Figure 1.1. Other 
metering systems capable of maintaining rates within 10% of 
isokinetic and determining sample volumes within 2% may be used 
if approved by the administrator. Sampling trains with metering 
systems designed for rates higher than those described in APTD- 
05813 and APTD-05764 may be used if the above specifications can 
be met. 
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When the metering system is used with a pitot tube, the 
system should permit verification of an isokinetic sampling rate 
with a nomograph or by calculation. 

Upon receipt or after construction of the equipment, perform 
both positive and negative pressure leak checks before beginning 
the 

- 
calibration procedure (Section 3.9.2). Ad] u s t  , repair , or - 

replace the malfunctioning item. Reject a dry gas meter if it 
behaves erratically or if it cannot be adjusted. Reject the 
thermometer if unable to calibrate. 
1.1.10 Barometer - A mercury, aneroid, or other barometer capa- 
ble of measuring atmospheric pressure to within f2.5 mm (0.1 in.) 
Hg is require’d. 

Check a new barometer against a mercury-in-glass barometer 
or the equivalent. In lieu of this, obtain the absolute barom- 
etric pressure from a nearby weather service station and adjust  
it for the elevation difference between the station and the sam- 
pling point; accordingly, either subtract 2.5 mm Hg/30 m (0.1 in. 
Hg/100 ft) from the station value for an elevation increase or 
add t h e  same for an elevation decrease. I f  the barometer cannot 
be adjusted to agree within 2 . 5  mm (0.1 in.) Hg of the reference 
barometric pressure, either return it to the manufactures or 
reject it. - 
1.1.11 Gas Density Determination Equipment - A temperature sen- 
sor and a pressure gauge (Method 2, Section 3.1.2) are required. - 

A gas analyzer (Method 3 ,  Section 3.2.2) may be required. 
The temperature sensor should be permanently attached to 

either the probe o r  the pitot tube; in either case, a fixed 
configuration (Figure 1.1) should be maintained. Alternatively, 
the sensor may be attached just before field use (Section 3.9.2). 
1.2 Sample Recovery Apparatus 
1.2.1 Probe Liner and Nozzle Brushes - Nylon bristle brushes 
with stainless steel wire handles are recommended. The probe 
brush must be at least as long as the probe. A separate, 
smaller, and very f l e x i b l e  brush should be used for the nozzle. 

I 
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Visua l ly  check f o r  damage upon r e c e i p t ,  and replace o r  
r e t u r n  t o  s u p p l i e r  i f  defec t ive .  
1 . 2 . 2  Wash B o t t l e s  - Two 500-ml wash b o t t l e s  a r e  recommended €or 
t h e  probe and the glassware r i n s i n g s .  Glass o r  polyethylene are 
acceptable .  
1.2.3 Sample Storage Containers - Recommended are 500 ml o r  1000 

m l  chemically r e s i s t a n t ,  high-densi ty  polyethylene b o t t l e s  f o r  
s to rage  of samples. The b o t t l e s  must have leak proof screw caps 
w i t h  Leak proof ,  rubber-backed Teflon cap l i n e r s ,  o r  they must be 
constructed t o  preclude leakage and t o  resist  chemical a t t ack ;  
wide-mouthed b o t t l e s  are easiest  t o  use. 

P r i o r  t o  f i e l d  use ,  i n s p e c t  the cap s e a l s  and the b o t t l e  cap 
s e a t i n g  su r faces  for chips ,  c u t s ,  cracks,  and manufacturing 
deformft ies  which would allow leakage. 
1 . 2 . 4  Graduated Cylinder and/or T r i p l e  Beam Balance - E i t h e r  a 
250-ml glass (Class  A )  graduated cy l inde r  o r  a t r i p l e  beam 
balance may be.used t o  measure the water condensed i n  t h e  imping- 
ers during sampling. The graduated cy l inder  may also be used t o  
measure water i n i t i a l l y  placed i n  t he  f irst  and second impingers. 
I n  e i t h e r  case ,  t h e  requi red  accuracy i s  1 ml o r  1 g; t he re fo re ,  
the  ey l indeqmus t  have subdivis ions ( 2  m l ,  and the balance should 
be capable  of weighing t o  t h e  n e a r e s t  0 . 1  g. 
1 . 2 . 5  P l a s t i c  Storaqe Containers - Several a i r t i g h t  p l a s t i c  
con ta ine r s  are needed f o r  s torage  of  s i l i c a  g e l .  
1 . 2 . 6  Funnel and Rubber Policeman - A funnel and a rubber po- 
liceman a r e  needed t o  t r a n s f e r  t h e  used s i l i c a  gel from the 
impinger t o  a s to rage  conta iner  un less  s i l i c a  g e l  i s  weighed i n  
the f i e l d  a f t e r  t he  t e s t .  A Teflon policeman is he lp fu l  f o r  
recovery of the f i l t e r .  The funnel should be glass w i t h  a 100-mm 
diameter and a 100-mm s t e m .  

Visua l ly  check on receipt,  and rep lace  o r  r e t u r n  i f  damaged. 
1 .3  D i s t i l l i n q  Apparatus 

The f l u o r i d e  d i s t i l l a t i o n  se tup  i s  shown i n  Figure 1.3. 
1.3.1 Flasks  - A long-necked, round bottom 1 - l i t e r  f l a s k  w i t h  
24/40 j o i n t  gr indings i s  needed f o r  b o i l i n g  t h e  sample so lu t ion .  

- 

- 
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F i g u r e  1.3. Fluoride distillation apparatas. 
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Also, a 250-ml volumetric (Class A )  flask is needed to receive 
the condensate. 
1.3.2 Thermometer - A thermometer for checking the temperature 
of the sample in the boiling flask should read within fl°C (f2'F) 
of the true value in the range of 100' to 2OOOC (212' to 392OF). 
Check it against a mercury-in-glass thermometer. 
1.3.3 Adapter - An adapter should have joint grindings (inner 
and outer parts) that are 24/40 at the bottom and 10/30 at the 
top that will hold a thermometer, and it should have a 24/40 
joint grinding (inner part) at the end of the top sidearm that 
joins the connector tube. 
1.3.4 Connector Tube - A tube with a standard or a medium wall 
and with a 13-mm (0.5 in.) ID is needed for connecting the 
adapter to the condenser. 
1.3.5- Condenser - A coiled integral Graham condenser (joint 
grinding 24/40) with a jacket length of 300 mm (12 in.) is needed 
for condensation of  the distillate. 
1.4 Miscellaneous Glassware 
1.4.1 Beaker - A 1500-ml glass  beaker (Class A )  with 5-ml sub- 
divisions is needed to receive the filtered sample from container 
No. 1 or No. 2. 

1.4.2 Pipettes - Several volumetric pipettes (Class  A)--1nclud- 
ing 5, 10, 20, 25, 50 ml's--should be available. Record the 
stock numbers, and visually check for cracks, breaks, or manu- 
facturer's flaws. I f  irregularities are found, either replace or 
return to the  supplier. 
1.4.3 Volumetric Flasks - The following volumetric flasks are 
needed f o r  performing t h e  analysis: a 50-ml glass volumetric 
flask (Class A )  is needed to dilute the sample aliquot to 50 ml 
with TI§- (total ionic strength adjustment buffer) in determina- 
tion of fluoride concentration; a 1-2 glass volumetric f l a s k  
(Class A )  to dilute the fused sample to volume with distilled 
water; and several 100-ml polyethylene volumetric f l a s k s  to 
prepare the f l u o r i d e  standardizing solution. 
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1.5 Reaqents and other Supplies (Sampling) 
Unless otherwise indicated, all reagents should meet the 

specifications of the Committee on Analytical Reagents of the 
American Chemical Society ( A C S ) ;  otherwise, use t h e  best avail- 
able grade. 
1.5.1 Silica Gel - Use indicating type 6-16 mesh. If previously 
used, dry at 175OC (347OF) f o r  at least 2 h before reusing. New 
silica gel may be used as received. 
1.5.2 Water - Deionized distilled water should conform to ASTM 
specification D1193-74, Type 3. At the option of the analyst, 
the KMn04 (potassium pexmanganate) test for oxidizable organic 
mattea: may be omitted i f  high concentrations of organic matter 
are not expected. 
1.5.3 Crushed Ice - Enough crushed ice is-needed around the 
impingers to maintain ~ 2 0 ~ ~  (68OF) at the impinger silica gel 
outlet in order to avoid excessive moisture loss. 
1.5.4 Stopcock Grease - Acetone insoluble, heat stable silicone 
grease is required unless screw-on connectors w i t h  Teflon or 
similar sleeves are used. 
1.6 Reaqents and Supplies (Sample Recovery and Analysis) 

Unless otherwise indicated, all reagents should meet the 
specificaticns of the Committee on Analytical Reagents of t h e  
American Chemical Society (ACS);  otherwise, use the bes t  avail- 
able grade. 
1.6.1 C a l c i u m  Oxide (CaO)  - A reagent grade or a certified ACS 
grade of Ca0 should contain - <0.005% F. 
1.6.2 Filters - Whatman No. 541 (or equivalent) filters are re- 
quired for filtration of the impinger contents and preparation of 
the sample for analysis. 
1.6.3 Phenolphthalein Indicator - A reagent grade or a certified 
ACS 0.1% phenolphthalein should be a 1:l ethanol-water mixture. 
1.6.4 Sodium Hydroxide - A n  ACS reagent grade (or the equiva- 
lent) NaOH pellets and 5M NaOH reagent grade or ACS is needed. 
1.6.5 Sulfuric Acid - An ACS reagent grade (or the equivalent) 
concentrated H2S04 and 25% (v/v) reagent grade o r  ACS is needed. 
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1 . 6 . 6  Total Ionic Strength Adjustment Buffer (TISABl - T O  ap- 
proximately 500 m l  of d i s t i l l e d  water i n  a 1-!J beaker, add 57 ml 
o f  g l a c i a l  a c e t i c  acid,  58 g of sodium chlor ide,  and 4 g of 
cyclohexylene d i n i t r i l o t e t r a  a c e t i c  acid (CDTA) .  S t i r  t o  dis-  
solve.  Place the  beaker i n  a water bath u n t i l  it cools. Then, 

slowly add 5 M NaOH, while measuring the  pH continuously W i t h  a 
ca l ib ra t ed  pH-reference electrode p a i r ,  u n t i l  t he  pH i s  5.3. 
Cool t o  room temperature. Pour i n t o  a 1-2 f l a sk ,  and d i l u t e  t o  
volume w i t h  d i s t i l l e d  water. Commercially prepared TISAB buffer 
may be s u b s t i t u t e d  f o r  t he  above. 
1.6.7 Fluoride Standard Solution - To prepare a 0.1M f luo r ide  
reference so lu t ion ,  add 4.20 grams of reagent grade sodium fluo- 
ride (NaF) t o  a 1-2 volumetric f l a s k ,  and add enough d i s t i l l e d  

water t o  d isso lve  it. D i l u t e  t o  volume w i t h  d i s t i l l e d  water, 
The NaF must be oven dr ied  a t  llO°C f o r  a t  l e a s t  2 h p r i o r  to 
weighing. 
1 . 7  Analytical  Equipment 
1 . 7 . 1  Bunsen Burner - A Bunsen burner capable of d i s t i l l i n g  200 

mb i n  <15 min i s  required f o r  t he  bo i l ing  f l a sks .  
1 . 7 . 2  Crucible - A nickel  c ruc ib le  w i t h  a capacity of  75 t o  
100 m l  is needed t o  evaporate t h e  water from the  sample on a hot  
p l a t e .  

Upon r e c e i p t ,  check f o r  cracks o r  manufacturing flaws as 
w e l l  a s  f o r  capacity.  If it does not meet spec i f ica t ions  replace 
o r  r e tu rn  it t o  t h e  manufacturer. 
1 . 7 . 3  Hot P l a t e  - A ho t  p l a t e  capable of 500OC (932OF) is re- 
quired f o r  heat ing the  sample i n  a nickel  crucible .  

Check upon r e c e i p t  and before each use f o r  damage. Check 
the  heat ing capaci ty  aga ins t  a mercury-in-glass thermometer. If 

inadequate, r e p a i r  o r  r e tu rn  t h e  h o t  p l a t e  t o  t h e  suppl ie r .  
1 .7 .4  Electric Muffle Furnace - An electric muffle furnace 
capable o f  heating t o  6OOOC (1112OF) is needed t o  f u s e  t he  s m -  

p l e .  
Check the h e a t i n g  capac i ty  against  a mercury-in-glass ther -  

mometer. Replace o r  r e tu rn  t o  the  manufacturer any u n i t  which 
, 

does not  meet spec i f ica t ions .  ('1 17% 
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needed to determine moisture. 

receipt and before each use. 
Check for damage against a series of standard weights upon 

Replace or return to the manufac- 
turer if damaged or if it does not meet specifications. 
1.7.6 Analytical Balance - A n  analytical balance capable of 
weighing to within 0.1 mg is needed for preparation of the stan- 
dard fluoride solution and the analytical reagents. Check the 
balance frequently with Class S weights. 
1.7.7 Constant Temperature Bath - A water bath is needed to 
maintain a constant room temperature for optimum measurement .of 
the sample concentratlon. 
1.3.8 Fluoride Ion Activity-Sensing Electrodes - A fluoride ion 
(F-) activity-sensing electrode is required in Method 13B for 
determining of F- ion activity in concentrations of from 1 to 

mol/2 (19,000 to 0.02 ppm) . The electrode should be usable 
from a p H  of 1 to 8 . 5  at loo6 mol/2, up to a pH of 11 at loo2 
mOl/2 F- concentration. Due to the complexing of F- below pH of 
4 and to t h e  limited resistance of the electrode body to certain 
concentrated acids, it is usually advisable to adjust the pH of 
strongly acidic samples. 

Check for damage and F- sensing accuracy with a known eon- 
centration upon receipt and before If not suitable, 
replace or return to manufacturer. Either a single junction, 
sleeve type reference electrode or a combination type f luor ide  

each use. 

ion-sensing electrode built into one unit may be used. 
1.7.10 . , .  Electrometer - Either a pH meter w i t h  a millivolt Scale 
capable of fO.1-mV resolution or a ion meter made especially for 
specific-ion use is needed to read the ion activity or t h e  F- 
concentration. 
1.7.11 Maqnetic Stirrer - A magnetic 
bon-coated stirring bars are needed 

stirrer and TFE* fluorocar- 
for uniform mixing of the 

sample solution. 
1.7',12 Stopwatch or Clock - A stopwatch or a clock is. needed to 
check.minimum immersion time of electrode in sample. 

*Mention of any trade name or specific product does not consti- ' 

tute endorcement by the Environmental Protection Agency. 
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TABLE 1.1 ACTIVITY MATRIX FOR PROCUREMENT OF APPARATUS 
AND SUPPLIES 

Apparatus 

Sampl i ng 

Probe l i n e r  

Probe nozzle 

P i t o t  tube 

' D i  f f e ren t ia l  
press ure 
gauge (in- 
clined ma- 
nome t e  r)  

F i  1 ters 

Acceptance 1 i mi t s  

Specified material of 
construction; equipped 
w i t h  heating system 
capable of maintaining 
1 20°k1 4OC (248' +25OF) 
a t  the e x i t  

Stainless  s t ee l  (316) 
w i t h  sharp, tapered 
angle 230'; d i f f e r -  
ence ifi measured diam- 
e t e r s  (0.1 mm (0.004 
in . ) ;  KO nicks, dents,  
o r  corrosion 

Type S (Meth 2 ,  Sec 
3.1.2) ; attached t o  

(high pressure) opening 
plane even w i t h  o r  
above nozzle entry 
plane 

. probe w i t h  impact 

-Meets. c r i t e r i a  (Sec 
3.1.2); agrees w i t h i n  
5% of  gauge-oil 
manome t e r  

Capable o f  withstand- 
ing temperatures t o  
135'C (275OF), 95% 
col lect ion eff ic iency 
f o r  0.3 pm pa r t i c l e s ,  
l o w  F blank ((0.015 
rng F/srn2) - 

Action i f  
Frequency and method requirements 

of measurements a re  not met 

Visually check t h e  Repair, return 
probe and r u n  the 
heating system or r e j ec t  

t o  supplier, 

Visually check upon 
receipt  and before 
each t e s t ;  use a m i -  
crometer t o  measure 
ID before f i e l d  use 
a f t e r  each repa i r  

Reshape and 
sharpen, re- 
turn t o  the  
supplier, o r  
r e j ec t  

Visually check f o r  
ver t ica l  and hori- 
zontal t i p  alignments; 
check the conf i gura- 
t ion  and the clear-  
ances; ca l ib ra t e  
(Sec 3.1.2, Meth 2) 

Repair o r  re- 
t u r n  t o  sup- 
p l  i e r  

Check against  a gauge- 
o i l  manometer a t  a 
minimum o f  three 
points: 0.64(0.025); 
12.7 (0.5) ;  25.4(1.0) 
mm ( i n . )  H20 

Check each batch fo r  
F blank val ues , 
vis ib ly  inspect f o r  
p i n  holes or flaws 

Reject batch 

(continued) 
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TABLE 1.1 (conti  nued) 

Apparatus 

F i  1 t e r  holder 

Condenser 

Vacuum gauge 

Vacuum pump 

Barometer 

Orif ice  meter 

Dry gas meter 

Acceptance l imi t s  

Leak f r e e ;  boros i l ica te  
glass  

Four impi ngers, standard 
stock g lass ;  pressure 
drop not excessive 

0-760 mm (0-30 i n . )  Hg, 
+25 mm (1 in.) a t  
380 mm (15 i n .  ) Hg 

Leak f r e e ;  capable of 
maintaining flow ra t e  
of 0.02-0.03 m3/min 
(0.7 t o  1.1 f t 3 / m i n )  
f o r  pump i n l e t  vacuum 
of 380 mm (15 in.) Hg 

Capable o f  measuring 
atmospheric pressure 
k2.5 mm (0 .1  i n . )  Hg 

AH@ of 46.74k 6.35 mm 
(1.84 2 0.25 i n . )  H20 
a t  20°C (68OF); 
opt i onal 

Capable of measuri ng 
volume w i t h i n  +,2% a t  a 
flow r a t e  of 0.02 
m3/mi n (0.7 ft3/mi n )  

Frequency and methad 
of  measurements 

Visually check before 
use 

Visually check upon 
rece ip t ;  check pres- 
sure drop 

Check against  mer- 
cury U-tube manometer 
upon receipt  

Check upon rece ip t  
f o r  leaks and capaci- 
t Y  

Check against  a mer- 
cury- i n-g1 ass  barom- 
e t e r  or  equi val ent ; 
ca l ib ra t e  (Sec 3.1.2) 

Upon rece ip t ,  v i  sual- 
l y  check f o r  damage; 
cal i brate  against  wet 
t e s t  meter 

Check f o r  damage upon 
rece ip t  and ca l ib ra t e  
(Sec 3.9.2) against  
wet t es t  meter 

k t i o n  i f  
requi rements 
are not met 

Return t o  
suppl i e r  

As above 

Adjust o r  re- 
turn t o  sup- 
p l  ier 

-- - 
Repair or re- 
t u r n  t o  sup- 
p l  i e r  

Determine cor- 
rection fac- 
t o r ,  o r  r e j e c t  

Repair or  re- 
t u r n  t o  sup- 
p l  i e r  

Reject i f  dam- 
aged, behaves 
e r r a t i c a l l y ,  
o r  cannot be 
properly ad- 
j usted 

(continued) 
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Tab1 e 1.1 (conti nued) 

fiction i f  
requirements 
are n o t  met 

Reject i f  un- 
able t o  c a l i -  
brate 

Frequency and method 
o f  measurements 

Check upon receipt  
fo r  dents or  bent 
stem, and ca l ib ra t e  
(Sec 3.9 .2)  against  
mercury- i n-gl ass 
thermometer 

Acceptance limits Apparatus 

Thermometers kl°C (2OF) of t rue  
value in  the range o f  
Oo t o  2 5 O C  (32' t o  79OF) 
f o r  Smpi nger thermometer 
and k 3 O C  (5.4OF) of t rue  
value i n  the  range of 

194'F) f o r  dry gas 
meter thermometers 

ooc t o  9ooc ( 3 2 O  t o  

Sample Recovery 

Probe l iner  and 
probe nozzle 
brushes 

Nyl on b r i  s.tl es w i t h  
s t a in l e s s  s t ee l  han- 
d l  es ; properly sited 
and shaped 

Visually check f o r  
damage upon receipt  

Replace o r  re- - 

t u r n  t o  sup- 
p l  i e r  

Visually check f o r  
damage upon receipt  

As above Wash bo t t l e s  Polyethylene or g lass ,  
500 ml 

Visually check f o r  
damage upon rece ip t ;  
be sure caps make 
proper sea ls  

As above Storage con- 
t a i  ner 

High-density polyeth- 
ylene,  1000 ml 

Graduated 
cyl i nder 

Glass, Class A ,  250 m l  Upon rece ip t ,  check 
for stock number, 
cracks,  breaks, a n d  
manufacturer flaws 

~~ 

Funnel Glass, Class A ,  diameter 
100 mm; stem length 
100 mm 

Visually check fo r  
damage upon receipt  

As above 

Visually check f o r  
damage upon receipt 

As above Rubber pol ice- 
man 

Properly sized 

(continued) 
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TABLE 1.1 (continued) 

Ap pa r a t u s 

Pipettes , vol u- 
metric f l a s k  
beaker, f l a sk  
adapter,  con- 
denser, con- 
nection tube,  
Erlenmeyer 
f l a sk  

Distal l a t i  on 
Appa r a t  us 

Bunsen burner 

Crclci b l  e 

Analytical 
Equipment 

Hot p la te  

Elec t r ic  muffle 
furnace 

Acceptance 1 im? t s  

Glass, Class A 

Capable o f  d i  s t i  11 i ng 
220 m l  i n  (15 min 

Nickel materi a1 ; 75- 
100 m l  

Heating capacity of 
5OOOC (932OF) 

Heating capacity o f  
6OO0C ( 1 1 1 2 O F )  

Frequency and method 
o f  measurements 

Upon rece ip t ,  check 
f o r  stock number, 
cracks, breaks and 
manufaeturer flaws 

Visually check upon 
rece ip t ;  check heat- 
ing capacity,  check 
f o r  damage 

Check upon rece ip t  
f o r  cracks or flaws 

Check upon rece ip t  
and before each use 
f o r  damage; check 
heat? ng capacity 
against  mercury-in- 
glass thermometer 

Check upon receipt  
and before each use 
f o r  damage; check 
heating capacity 
upon receipt  against  
mercury- i n-gl ass 
thermometer 

Action i f  
requirements 
a re  not met 

Replace or  re- 
t u r n  t o  sup- 
p l  i e r  

Rep1 ace 

Replace o f  re- 
t u r n  t o  manu- 
fac turer  

Replace o r  re- 
turn t o  manu- 
fac turer  

Replace or re- 
t u r n  t o  manu- 
f acturer  

(continued) 
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Table 1.1 (continued) 

I I Action i f  
Frequency and method requirements 

Acceptance l imits  of measurements are  not met Apparatus 

Ba 1 ance Capacity of 300 g k0.59 Check fo r  damage and 
against  s e r i e s  of 
standard weights upon 
receipt  and before 
each use 

Replace or  re- 
t u r n  t o  manu- 
fac turer  

I 
I 

Water bath Capable of maintaining 
constant room tempera- 
t u r e  

Check with mercury- 
in-glass thermometer 

Repai r 

I I 

I I 
Fluoride i o n  

ac t iv i  ty-sen- 
s i n g  electrode 

Cgabl  e of measuring 
F concentration from 
1 t o  rnol/g 
(19,000 t o  0.02 ppm) 

Check fo r  damage and 
F sensing accuracy 
w i t h  a known con- 
centrat ion upon re- 
ce ip t  and before 
each use 

Replace or re- 
t u r n  t o  manu- 
f acturer  

I I 

I I 
Reference 

electrode 
Should provide stab1 e 
output 

Check visual ly  f o r  
cracks or breaks 

Replace or  re- 
t u r n  t o  manu- 
f acturer  

Upon rece ip t  and 
before each use, 
check f o r  per- 
formance accuracy 
w i t h  a-known stan- 
dard F solut ion 

Electrometer Replace or  re- 
t u r n  t o  manu- 
f acturer  

Cagable o f  reading t o  
k0.1 mV resolution w i t h  
temperature compensa- 
t ion  

Reagents 

F i l t e r s  Whatman No. 541 o r  
equivalent 

Visually check f o r  
damage upon receipt’  

Replace or re- 
t u r n  t o  sup- 
pl i e r  

I I 

S i l i c a  gel Indicating Type 6-16 
mesh 

Upon receipt  check 
label f o r  grade o r  
c e r t i  f i ca t ion  

Replace or re- 
t u r n  t o  manu- 
f acturer  

~ ~~ 

(conti  nued) 
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Apparatus 

Reagents 

TABLE 1.1 (continued) 

Frequency and method requirements 
Acceptance l imi t s  of measurements a re  not met 

I I IAction i f  

Dis t i l l ed  water M u s t  conform t o  ASTM- Check each l o t  
D1193-74, Type 3 

Crushed i ce  

Stopcock grease 

Replace or re- 
t u r n  t o  manu- 
f acturer  

Check frozen condition 

Acetone insoluble,  and Upon rece ip t ,  check As above 
heat s t ab le  s i l i con  label f o r  grade or  
grease c e r t i f  5 cation 

Calcium oxide 
powder 

I I I 
I 

Reagent grade or  cer- As above As above 
t i f ied  ACS 

Phenolphthalein 0.1% in 1: 1 ethanol- As above 
water mixture; reagent 
grade or  c e r t i f i e d  ACS 

As above 

NaOH p e l l e t  5M NaOH 
reagent grade or  cer- 
t i f i e d  ACS 

I I I 

I I 1 
As above Sodi urn hy- 

droxi de 

Sul f uri c aci d Concentrated, reagent As above 
grade or c e r t i  f i ed ACS ; 
25% ( v / v )  reagent grade 
or  ACS 

As above 

I 

I I I 

I 

Fluoride stan- 
dard solut ion 

As above 

Reagent grade o r  ACS; 
1 M concentration 

As above As above 
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2.0 CALIBRATION OF APPARATUS 
Calibrat ion of apparatus is one of the  most important func- 

t i o n s  i n  maintaining data  qua l i ty .  The detailed ca l ib ra t ion  
procedures i n  t h i s  sec t ion  a r e  designed f o r  the equipment speci- 
f i e d  i n  Method 1 3 B  and described i n  the previous sect ion.  A 

laboratory log  book of a l l  ca l ib ra t ions  must be maintained. 
Table 2 . 1  a t  t he  end of t h i s  sec t ion  summarizes t h e  qua l i t y  
assurance a c t i v i t i e s  f o r  ca l ib ra t ion .  
2 . 1  Metering System 
2 . 1 . 1  Wet T e s t  Meter - A w e t  t e s t  meter w i t h  a capacity of  3 . 4  

m /h (120 f t 3 /h )  w i l l  be needed t o  calibrate the dry gas metes. 
W e t  t e s t  meters are ca l ib ra t ed  by the manufacturer t o  an accuracy 
o f  +0.5%; the  c a l i b r a t i o n  must be checked i n i t i a l l y  upon receipt 
and year ly  t h e r e a f t e r .  For large wet t e s t  meters (>%!/rev), 
t he re  is no convenient procedure f o r  checking the  ca l ibra t ion ;  
f o r  this reason, severa l  methods a r e  suggested, and o the r s  may Be 
approved by the administrator.  

The i n i t i a l  ca l ibra t ion 'may be checked by any o f  the f o l -  
lowing methods : 

1. Cer t i f i ca t ion  from the  manufacturer t h a t  the w e t  t e s t  
meter is  w i t h i n  +l% of t r u e  value a t  t h e  wet t e s t  meter dis-  
charge, so t h a t  only a l e a k  check is  needed. 

2. 'Cal ibrat ion by any primary a i r  o r  l i q u i d  displacement 
method t h a t  displaces  a t  l e a s t  one complete revolution of t h e  
w e t  t e s t  meter. 

3. Comparison aga ins t  a smaller w e t  t e s t  meter t h a t  has 
previously been ca l ib ra t ed  by a primary a i r  o r  l i q u i d  displace- 
ment method (Section 3.5.2). 

Cornparison against a dry gas meter t h a t  has previously 
been ca l ib ra t ed  by a primary air o r  l i q u i d  displacement method. 

The c a l i b r a t i o n  of t h e  t e s t  meter should be checked annual- 
l y .  T h i s  year ly  c a l i b r a t i o n  check can be made dy the same method 

3 

- -  - 

- 

4 .  
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as that of the original calibration; however, the comparison pro- 
cedure need not be recalibrated if the check is within - +1% of the 
true value; if not within kl%, either the comparison procedure ox: 

the wet test meter must be recalibrated against a primary air or 
liquid displacement method. 
2.1.2 
of the pump, vacuum gauge, valves, orifice meter, and dry gas 
meter--should be initially calibrated by stringent laboratory 
procedures before it is used in the field. After initial accept- 
ance, the calibration should be rechecked after each field test 
series. The recbck procedure can be used by the tester often 
and with little time and effort to ensure that calibration has 
not changed. When the quick check indicates that the calibration 
factor has changed, the tester must again use the complete labo- 
ratory procedure to obtain a new calibration factor. After 
recalibration, the metered sample volume must be multiplied by 
either the initial or the recalibrated calibration factor-that 
is, the one that yields the lower gas volume for each test run. 

Before initial calibration, a leak check is recommended, but 
it is not mandatory. Both positive (pressure) and negative 
(vacuum) leak checks should be performed. Following is a pres- 
sure leak-check procedure €or checking the metering system from 
the quick disconnect inlet to the orifice outlet and for checking 
the orifice-inclined manometer: 

1. Disconnect the orifice meter line from the downstream 
orifice pressure tap (the one closest to the exhaust of the 
orifice), and plug this tap (Figure 2.1). 

2 .  Vent the negative side of the inclined manometer to the  
atmosphere. If the manometer is equipped with a three-way valve, 
merely turn the valve that is on the negative side of the 
orifice-inclined manometer to the vent position. 

3 .  Place a one-hole rubber stopper with a tube through 
its hole i n t o  the exit of the orifice, and connect a piece of 
rabber or plastic tubing to the tube, as shown in Figure 2.1. 

Sample Meter System - The sample meter system--consisting 



BLOW INTO TUBING UNTIL 
MANOMETER READS 127 t o  
178 mm ( 5 TO 7 i n . )  

"2O 

--. 
Td 
v 

- 
Figure 2.1. P o s i t i v e  leak check o f  metering system. 

a, 
M 
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4 .  Open the  p o s i t i v e  side of t h e  manometer t o  t he  ''read- 
ing' '  pos i t i on ;  i f  t h e  manometer i s  equipped with a three-way 
va lve ,  t h i s  w i l l  be t h e  l i n e  pos i t i on .  

5 .  Plug t h e  i n l e t  t o  t h e  vacuum pump. I f  a quick discon- 
n e c t  with a l eak- f ree  check valve i s  used on the  con t ro l  module, 
t h e  i n l e t  w i l l  no t  have t o  be plugged. 

6.  Open the main valve and the bypass valve.  
7.  Blow i n t o  t h e  tubing connected t o  the end of the o r i -  

f ice  u n t i l  a pressure  of  127 t o  178 mm ( 5  t o  7 i n . )  H 2 0  has b u i l t  
up i n  t he  system. 

8 .  Plug o r  crimp the tubing t o  maintain t h i s  pressure.  
9 .  Observe the pressure  reading f o r  1 min. N o  no t iceable  

movement i n  the manometer f l u i d  l e v e l  should occur.  A bubbling- 
type leak-check s o l u t i o n  may aid i n  l o c a t i n g  any l eak  i n  the 
meter box. 

After  t h e  meter ing system is determined t o  be leak free by 
the p o s i t i v e  leak-check procedure,  check t h e  vacuum system t o  and 
including the pump. 

1. Plug t h e  a i r  i n l e t  t o  the meter box. If  a quick dis- 
connect w i t h  a leak- f ree  s topper  system is on t h e  meter box, the 
i n l e t  w i l l  n o t  have t o  be plugged. 

2 .  Turn the pump on and p u l l  a vacuum wi th in  7 . 5  cm ( 3  

- 

i n . )  Hg o f  absolu te  zero.  
3 .  Observe the  dry gas meter. If  leakage is >0.00015 

m3/min ( 0 . 0 0 5  f t3 /min) ,  f i n d  and minimize the l e a k ( s )  u n t i l  the 
above s p e c i f i c a t i o n s  are s a t i s f i e d .  

For  metering systems w i t h  diaphragm pumps, t h e  leak-check 
procedures above w i l l  n o t  detect leakages wi th in  the  pump; the 
following procedure is suggested: 

1. Make a 10-min c a l i b r a t i o n  run a t  0.00057 m3/min (0.02 
f t3/min) .  

2 .  A t  t h e  end of t h e  run,  f i nd  the  d i f f e rence  between t h e  
measured w e t  t e s t  meter and t h e  dry gas meter volumes, and d iv ide  
the d i f f e rence  by 1 0  t o  g e t  t he  leak  r a t e .  The leak ra te  should 
n o t  exceed 0.00057 m3/min ( 0 . 0 2  f t3/min) .  
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2.1.2.1 I n i t i a l  c a l i b r a t i o n  - - The dry gas meter and ‘the o r i f i c e  
meter can be c a l i b r a t e d  simultaneously,  and both should be c a l i -  
brated when f i r s t  purchased and any time t h e  p o s t t e s t  check 
y i e l d s  a Y ou t s ide  the  range of the c a l i b r a t i o n  f a c t o r  Y 20.05Y. 

U s e  a c a l i b r a t e d  w e t  t e s t  meter (properly s izedr  with - +l% 
accuracy)  t o  c a l i b r a t e  both t h e  dry gas meter and the o r i f i c e  
meter (Figure 2.2) i n  the  following manner: 

1. Leak check t h e  metering system (Subsection 2.1.2), and 
e l imina te  any leaks before  proceeding. 

2 .  Connect t h e  a i r  o u t l e t  of t h e  wet tes t  meter t o  the 
needle  valve a t  t h e  i n l e t  side of  t h e  meter box (Figure 2.2). 

3. Run t h e  pump f o r  15  min w i t h  the o r i f i c e  meter d i f f e r -  
e n t i a l  (AH) set a t  12.7 nun (0.5 i n . )  H20 t o  allow t h e  pump to 
warm up and t o  permit  t h e  i n t e r i o r  su r f ace  of t h e  w e t  tes t  meter 
t o  be wetted.  

4 .  Adjust t h e  needle  valve so  t h a t  the vacuum gauge on t h e  
meter box i s  between 50 and 100 mm ( 2  t o  4 i n . )  Hg during c a l i -  
b ra t ion .  

5 .  Record t h e  required da ta  OR Figure 2.3A o r  2.3Br using 
sample volumes as shown. 

6. Calcu la te  Yi f o r  each of t h e  s i x  runs,  using tihe e w a -  
t i o n  i n  Figure 2 . 3 A  o r  2.3Br and‘ record the r e s u l t s  on t h e  form 
i n  the space provided. 

7 .  Ca lcu la te  t h e  average Y ( c a l i b r a t i o n  f a c t o r )  f o r  the 
s i x  runs,  us ing  t h e  following equat ion:  

Y1 + Y2 + Yg + Y4 + Y5 + Y6 - 
6 Y =  

Record the average i n  t h e  space provided on Figure 2 . 3 A  o r  
2.3B. 

8 .  Clean, a d j u s t ,  and r e c a l i b r a t e ,  o r  r e j e c t  the d r y  

gas meter i f  one o r  more values a r e  outs ide  the i n t e r v a l  Y 
f0.02Y; otherwise, t h e  average Y is acceptable  and should be 
used f o r  f u t u r e  checks and t e s t  runs.  



Figure 2 .2 .  Sample meter system calibration setup. 



Section No. 3.9.2 
Revision No. 0 

m* 
in. 
H20 

Date Januar 4 ,  1982 
Page 7 of 2 Y 

0.0317 AH Vw Pb( td  + 460) - - 
@i - P,, (td + 4601 

= -  AH 
AH ) (tw + 460) 13.6 'i 

'd('b + 13.6 

Date 4/31! $0 Meter box number - 
= J q ,  6 4  i n .  Hg Cal ib ra t ed  by w w  'b Barometric p r e s s u r e ,  

1.0 

1.5 

0.0737 

0.110 

a 

2.0 10.147 1 

-~ -~ ~~ ~~~~~ ~ ~ ~ ~~~~~~~~ 

a If t h e r e  i s  only one thermometer on t h e  dry  gas meter ,  record t h e  temperature  
under t d '  

Figure 2.3A. Dry gas meter calibration data (English units). 
(front side) 



Nomenc 1 a ture-: 
Gas volume passing through the wet test meter, ft3. 

Gas volume passing through the dry gas meter, ft3. 

Temperature 

Temperature 

Temperature 

of the.gas in the wet test meter, OF. 

of the inlet gas of the dry gas meter, OF. 

of the outlet gas of the dry gas meter, OF. 

Average temperature of gas in dry gas.meter, obtained by average td 
td OF. i 

and 

0 

Pressure differential across orifice, in. H 2 0 .  

Ratio of accuracy of wet test meter to dry gas meter for each run; tolerance Yi = 
Yf0.02 Y. 

Average ratio of accuracy of wet test meter to dry gas meter for all six runs. 

Orifice pressure diffexential at each flow rate that gives 0 . 7 5  ft3/min of air at 
standard conditions for each calibration run, in. H 2 0 ;  tolerance = AH@f0.15 
(recommended). 

Average orifice pressure differential 
conditions for all six runs, in. H20; 

Time for each calibration run, min. 

Barometric pressure, in. Hg. 

T l d t l W d m  m w m m  that gives 0.75.  ft3/min of air at standard Q f t C C I  tolerance = 1.84f0.25 (recommended). (D m P e r t  
u) r. 

m r ( r - 0  
N O 3  

0 3 3  
m C  Z 

P, 2 0  
N Y O =  ulrc 

w 
& P O .  
- w  

Figure 2 .3A.  Dry gas meter calibration data (English units). (backside) k m  
W 
00 
N 



\ 

Orifice 
manometer 

sett ing 
, 

H20 

10 

25 

40 

50 

75 

100 
- -  

Section No. 3.9.2 
Revision No. 0 
Date January 4 ,  1982 
Page 9 of 25 

Gas volume Temperatures 
Wet t e s t  D r y  gas Wet t e s t  Dry gas meter - 
meter meter meter Inlet  Outlet Avg' Time 

m 3  m 3  O C  OC OC OC m i n  

(Vw), ('d) 9 (t,>9 (td 1 9  (td 1 9  (td), 
'i i 0 

3+&&s / 9  1'7 /P / r 3  4z ,9& 
d .  OSN) / B  30 ir 

0.15 

0.15 

0.30 

0.30 

0.30 

0.30 

Date ?),7!/7 9 Meter box number - 
= xqL mm Hg Calibrated by 'b Barometric pressure, 

25 

40 

50 

75 

100 

1.8 

2 . 9 4  

3.68 

5.51 

7.35 

0.00117 AH r t w v I  273) 3' 
mi = Pb (td + 273) 

a I f  there i s  only one thermometer on the d r y  gas meter, record the temperature 
under t d .  

Figure  2.3B. Dry gas meter ca l ib ra t ion  da ta  (metric u n i t s ) .  .j' 
( f r o n t  s i d e )  



Nomenclature: 
= Gas volume passi'ng through the wet test meter, m3. 

Vd = Gas volume passing through the dry gas meter, m3. 

tw = Temperature of the gas in the wet test meter, OC. 

vW 

td = Temperature of the inlet gas of the dry gas meter, O c .  

i 

td = Temperature of the outlet gas of the dry gas meter, OC. 
0 

temperature of gas in dry gas meter, obtained by average of td and 
i 

AH = Pressure differential across orifice, mm H20. 

Yi = Ratio of accuracy of wet test meter to dry gas meter for each run; tolerance Yi = 
Y+0.02 - Y. 

Y = Average ratio of accuracy of wet test meter to dry gas meter for all six runs. 

AH@i = Orifice pressure differential at each flow rate that gives 0.021 m3 of air at standard 
conditions for each calibration run, mm H 2 0 ;  tolerance AH@i = AHaf3.8 mm H20 
(recommended). 

V W W U  
p I m m I D  

~ c c I  m m r-rt 
AH@ = Average orifice pressure differential that gives 0.021 m3 of air at standard con- 

ditions for all s i x  runs, mm H,O; tolerance AH@ = 46.74 +6.3 mm H20 (recommended) - 

8 = Time of each calibration run, min. 

Pb = Barometric pressure, mm Bg. 

. 
b r a  
u) Figure 2.3B Dry gas meter calibration data (metric units). (backside) 



Section N o .  3 . 9 . 2  
Revision N o .  0 
Date January 4 ,  1982 
Page 11 of 25 

9 .  Calculate AHQi f o r  each of  the s i x  runs, using the 
equation i n  Figure 2.3A o r  2 .3B,  and record the  r e s u l t s  on the 
form i n  the  space provided. 

1 0 .  Calculate t he  average AH@ f o r  the  s i x  runs, using t h e  
following equation: 

Record the  average i n  the  space provided on Figure 2.3A or  2 . 3 B .  

A d j u s t  the o r i f i c e  meter o r  r e j e c t  it i f  AX@= var i e s  by 
more than f3.8 mm (0 .15  i n . )  H 2 0  over the range of  1 0  t o  100 mm 
( 0 . 4  t o  4 . 0  i n .  ) H 2 0 ;  otherwise, the  average AH@ i s  acceptable 
and should be used f o r  subsequent t es t  runs. 
2 . 1 . 2 . 2  P o s t t e s t  .cal ibrat ion check - A f t e r  each f i e l d  tes t  
s e r i e s ,  conduct a ca l ib ra t ion  check of  the metering system (Sub- 
sec t ion  2 . f . 2 )  except f o r  t he  following var ia t ions :  

1. Three c a l i b r a t i o n  runs a t  a s ing le  intermediate o r i f i c e  
meter s e t t i n g  may be used w i t h  t he  vacuum s e t  a t  the maximum 
value reached during the  t e s t  s e r i e s .  The s ing le  intermediate 
o r i f i c e  meter s e t t i n g  should be based on the  previous f i e l d  test. 
To ad jus t  the vacuum, i n s e r t  a valve between the  wet test meter 
and the i n l e t  of the  metering system. 

2 .  I f  a temperature-compensating dry gas meter was used, 
t he  c a l i b r a t i o n  temperature f o r  t he  dry gas meter must be within 
- + 6 O @  (10.8OF) of  t he  average meter temperature during the  test 
s e r i e s .  

3 .  U s e  F i g u r e  2.4A o r  2 . 4 B  t o  record the  required data .  
If  the  r eca l ib ra t ion  f ac to r  Y deviates  by ( 5 %  from the 

i n i t i a l  Y (determined i n  Subsection 2 . 1 . 2 ) ,  t he  dry gas meter 
volumes recorded during the tes t  s e r i e s  a re  acceptable; i f  Y 
deviates  by > 5 % ,  r e c a l i b r a t e  the metering system (Subsection 
2.1.2), and use the  coe f f i c i en t  ( i n i t i a l  o r  r eca l ib ra t ed )  t h a t  
y i e lds  t h e  lower gas volume f o r  each t e s t  run. 

Alternate procedures--for example, using the  o r i f i c e  meter 
coefficients--may be used, subject t o  t he  approval of t he  admini- 
s t r a t o r .  . I  

11. 



Test  numbers 1-3 Date 5-/3-%0 Meter box number F/Y) - 7 Plant  flcme Po wer PI.& 
Barometric pressure, P,, = 28. 72 in. Hg Dry gas meter number F# - 7 Pretest  Y D.98b  

v =  
a I f  there i s  on ly  one thermometer on the dry gas meter, record the temperature under td. 

Vw = Gas volume passing through the wet t e s t  meter, ft3. 

vd = Gas volume passing through the  dry gas meter, ft3. 

= Temperature o f  the gas i n  the wet t e s t  meter, OF. 

= Temperature o f  the i n l e t  gas o f  the dry gas meter, OF. 
t" 

t d  = Temperature o f  the o u t l e t  gas o f  the  dry gas meter, OF. 

td i 
V W N W  
P I P I m f D  s f t c n  
fD fD P-ct 

m CJ- 
P Q P - 0  

o c  2 
t - I l P % O  

Y O *  

P O *  - a  

0 

td = Average temperature of the gas i n  the  dry gas meter, obtained by the average o f  td 

AH = Pressure d i f f e r e n t i a l  across o r i f i c e ,  in. HzO. 
and td , "F. 

Y S r  

Y '  w 

i 0 

Yi = Rat io o f  accuracy o f  wet t e s t  meter t o  dry gas meter f o r  each run. 

Y = Average r a t i o  o f  accuracy o f  wet t e s t  meter t o  dry gas meter f o r  a l l  three runs; 
tolerance = pre tes t  Y - +O.O5Y ,/ -% 

:- - Pb = Barometric pressure, in. Hg. 
\- 

w 8 = Time o f  c a l i b r a t i o n  run, min. 

Figure 2.4A. Post test  dry gas meter c a l i b r a t i o n  data form (English uni ts) .  



l es t  numbers fl6 6-3 Date 5-/3-8O Meter  box number f-m-7 Plant Acmp. %@ er ? I d -  
Barometric pressure, P = n#n Hg Dry gas meter number fn- 7 Pretest Y 0.49.3 b 

I I Y  = 
I 

If there  i s  only one thermometer on the dry gas meter, record the temperature under td '  a 

Vw = Gas volume passing through the wet t e s t  meter, m3. 

vd = Gas vojume passing through the dry gas meter, m3. 

tw = Temperature of the gas i n  the wet t e s t  meter, OC. 

t d  

t d  

= Temperature of the i n l e t  gas o f  the dry gas meter, OC. 

= Temperature o f  the out1et.gas o f  the dry gas meter, OC. 

i 

XX: 
3 S S 3  

t d  = Average temperature o f  the gas i n  the dry gas meter, obtained ,,y the average o f  t d  anh td , O C .  

Y X 3  

0 

v1 P- 
I-J rc P - 0  

OE: 2 

i 0 AH = Pressure d i f f e r e n t i a l  across o r i f i c e ,  in. HzO. 
Yi = Ratio o f  accuracy o f  wet t e s t  meter t o  dry gas meter fo r  each run. 

Y = Average r a t i o  o f  accuracy o f  wet t es t  meter t o  dry gas meter f o r  a l l  three runs; 
tolerance = pretest  Y - +O.OSY 

Pb = Barometric pressure, in.  Hg. >- 

-ci. - -- 0 = Time o f  ca l i b ra t i on  run, min. 
<A 

Figure 2.48. Posttest meter ca l i b ra t i on  data form (metric uni ts) .  
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2 . 2  Temperature Gauqes 
2 . 2 . 1  Impinger Thermometer - The thermometer used t o  measure 
temperature of  t h e  gas leaving t h e  impinger t r a i n  should i n i t i a l -  
l y  be compared w i t h  a mercury - in -g la s s  thermometer which meets 
ASTM E-1 N o .  3C o r  3F s p e c i f i c a t i o n s .  The procedure i s  as 
follows: 

1. Place both the  re ference  thermometer and the t e s t  
thermometer i n  an ice ba th ,  and compare readings a f te r  they 
s t a b i l i z e .  

2 .  Remove t h e  thermometers from t h e  ba th ,  and allow both 
t o  come t o  room temperature,  compare readings a f t e r  they  stabi- 
l i z e .  

3. Accept t h e  t e s t  thermometer i f  both of i t s  readings 
agree within l0C (2OF) of  t h e  re ference  thermometer reading.  If 
t he  d i f f e rence  i s  g r e a t e r  than  fl°C ( 2 O F ) ,  e i ther  a d j u s t  and 
r e c a l i b r a t e  it u n t i l  agreement i s  obtained,  o r  reject it. 
2.2.2 D r y  Gas Thermometers - The thermometers used t o  measure 
t h e  metered gas sample temperature should i n i t i a l l y  be compared 
w i t h  a mercury - in -g la s s  thermometer, us ing  a similar procedure. 

1. Place a d i a l  type o r  an equiva len t  thermometer and a 
mercury-in-glass thermometer i n  a h o t  water bath, 40' t o  5OoC 
(105' t o  1 2 2 O F ) ;  compare t h e  readings a f te r  the bath s t a b i l i z e s .  

Allow both thermometers t o  come t o  room temperature and 
cornpare readings a f t e r  they  s t a b i l i z e .  

3 .  Accept the d i a l  type o r  equiva len t  thermometer i f  the  
values  agree within 3OC(5.4OF) a t  both po in t s  o r  i f  t h e  temper- 
a t u r e  d i f f e r e n t i a l s  a t  both po in t s  are wi th in  f3°C(5.40F); t ape  
the temperature d i f f e r e n t i a l  t o  the thermometer,' and record them 
on t h e  p r e t e s t  sampling check form (Figure 3.1 of Sect ion 3.9.3). 

4.  Before each f i e l d  t r i p ,  compare the reading of the 
mercury-in-glass thermometer at room temperature w i t h  t h a t  of the 
metes system thermometer; t he  values  o r  t h e  cor rec ted  values  
should agree wi th in  f6OC ( 1 0 . 8 O F )  o f  one another ,  or the meter 
thermometer should be replaced o r  r e c a l i b r a t e d .  Record anyf 
co r rec t ion : f ac to r s  on Figure 3.1 o r  on a s imi la r  form. 

2. 

: '  , ,4J 
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2.2.3 Stack Temperature Sensor - The stack temperature sensor 
should be calibrated upon receipt or checked before field use. 
Each sensor should be uniquely marked f o r  identification. The 
calibration should be performed at three points and then extra- 
polated over the temperature range anticipated during actual 
sampling. For the three-point calibration, a reference mercury- 
in-glass thermometer should be used. The following procedure is 
recommended for calibrating stack temperature sensors (thermo- 
couples and thermometers) for field use. 

1. For the ice point calibration, form a slush from 
crushed ace and water (preferably deionized distilled) in an 
insulated vessel  such as a Dewar flask; being sure that the 
sensor does not touch the sides of the flask, insert the stack 
temperature sensor into the slush to a depth of at least 2 in. 
Wait 1 min to achieve thermal equilibrium, and record the readout 
on the potentiometer. Obtain three readings taken in 1-min 
intervals. Note: - Longer times may be required to attain thermal 
equilibrium with thick-sheathed thermocouples. 

Fill a large Pyrex beaker with water to a depth >a in. 
Place several boiling chips in the water, and bring t h e  water to 
a full boil using a hot plate as the heat source. Insert t h e  

stack temperature sensor(s) in the boiling water to a depth of at 
least 2 in., taking care not to touch the sides or bottom of the 

beaker. 

2 .  - 

Alongside the sensor(s), an ASTM reference ,thermometer 
should be placed. After 3 min, both instruments will attain 
thermal equilibrium. Simultaneously record temperatures from the 
ASTM reference thermometer and the stack temperature sensor three 
times at 1-min intervals. 

If the entire length of t h e  mercury column in the thcrmom- 
e t e r  cannot be immersed, a temperature correction will be re- 
quired to give the correct reference temperature. 

3. For a thermocouple, repeat Step 2 with a l i q u i d  ( e . g . ,  

coo.king .oil) that has a boiling point 150' to 25OOC (300' to 
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500°F), and record all data on Figure 2.5. For thermometers 
other than thermocouples, either repeat Step 2 with a liquid that 
boils at the maximum temperature that the thermometer is to be 
used or place the stack thermometer and the reference thermometer 
in a furnace or other device to attain the desired temperature. 
Note: - If the thermometer is to be used at temperatures higher 
than the reference thermometer will record, calibrate the stack 
thermometer with a thermocouple previously calibrated by the 
above procedure. 

4. If the absolute temperature of the reference themom- 
eter and the thermocouple(s) agree within il.5% at each of the 
three calibration points, either plot the data on' linear graph 
paper and draw the best-fit line between the points or calculate 
the linear equation using the method of least-squares. For the 
thermocouple, the data may be extrapolated above and below the 
calibration points to cover the manufacturer's suggested range, If 

for the portion of the plot (or equation) that agrees within 
1.5% of the absolute reference temperature, no correction is 
needed, but for all other portions that do not agree within 
*l.5%, use the plot (or equation) to correct the data. 

If the absolute temperatures of the reference thermometer 
and stask temperature sensor (other than the thermocouple) agree 
within &1.5% at each of the three points, the thermometer may be 
used for testing without applying any correction factor over the 
range of calibration points, but the data cannot be extrapolated 
outside t h e  calibration points. 
2.3 Probe Heater 

The probe heating system should be calibrated before field 
use according to the procedure in AETD-0576.a Probes constructed 
according to APTD-05813 need not be calibrated if the curves of 
APTD-05764 are used. 
2 . 4  Barometer 

The field barometer should be adjusted initially and before 
each test series to agree within f2.5 mm (0.1 in.) Hg of the 
mercury-in-glass barometer reading or with the value reported by ii'l, 

! 
\ 



Date 

Ambient temperature 2/ OC 

Cal i brator 

Reference 
point 

number 

cc 

Sourcea 
(specify) 

/cr 
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Thermocoupl e number 72 4 b  

Reference: mercury-i n-glass A !  /77 I f C  

Barometric pressure 2 9 d 7  in. Hg 

other 

/ "  

/u/I 5 .  

Temperatureb 
d i  f f erence , 

n# 

aType of calibration system used. 

b[(ref temp, O C  + 273) - ( t e s t  thermom temp, OC + 2731] 10051.5%. ref temp, "C + 273 

Figure 2 . 5  Stack temperature sensor calibration data form. 
1 ' :  : i  

d .  5% 
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a nearby National Weather Service station and corrected for 
elevation. Correction for the elevation difference between the 
station and the sampling point should be applied at a rate of 
-2.5 mm Hg/30 m (0.1 in. Hg/100 ft). Record the results on the 
pretest sampling check form (Figure 3.1). 
2.5 Probe Nozzle 

the field. 
Probe nozzles should be calibrated initially before use in 

1. Use a micrometer to measure the ID of the nozzle to the 
nearest 0.025 mm (0.001 in.). 

L .  Make three measurements using different diameters each 
time. 

3 .  Average the three measurements. The difference between 
the high and the low numbers should not be - (0.1 mm (0.004 in.). 

4. Label each nozzle permanently and uniquely for identi- 
fication. 

5. Record the data on Figure 2.6, the nozzle calibration 
form. If nozzles become nicked, dented, or corroded, reshape, 
sharpen, and recalibrate before use. 
2 . 6  Pitot Tube 

CI 

The Type S pitot tube assembly should be calibrated using 
the procedure in Section'3.1.2, Method 2. 
2.7 Trip Balance 

The trip balance should be calibrated initially by using 
Class-S standard weights, and it should agree within f0.5 g of 
the standard weight. Adjust or return the balance to the manu- 
facturer if limits are not met. 
2.8 Fluoride Electrode 

The fluoride (FO) electrode should be calibrated daily, and 
checked hourly against serial dilutions of the 0.1M fluoride 
standard solution. Use the following procedure to prepare and to 
measure the concentration of the dilutions. 

1. Pipette 10 ml of 0.1M NaF into a 100-ml volumetric 
flask, and dilute to the mark with distilled water to get  

0.01M NaF;,:::8flute 10 ml of the 0.01M solution to make a 0.001M 1 

I 
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Calibrated by Date r/, / SllB / 0 
I 

Nozzle 

number 
i d e n t i f i c a t i o n  

2-7 L:, as/ 

a 
where : 

a ?ter 
 AD,^ 

p ( i n . )  

ot ood, 

c 
%g 

= three d i f f e r e n t  nozzles diameters, mm ( i n - ) ;  each 
l t 2 I 3 '  diameter must be within (0.025 mm) 0.001 in .  

aD 

AD = maximum difference between any t w o  diameters, mm ( i n .  ), b 
AD - ((0.10 mm) 0.004 in. 

D = average of D1, D2, and Dg. C 

avg 

Figure 2.6 Nozzle ca l ib ra t ion  data  form. 
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solution; continue in the same manner to get the 0.001M and the 
0 .  OOOOlM dilutions. 

2 .  Pipette 50 ml of each NaF dilution into separate 
beakers. 

3. Add 50 ml of TISAB to each beaker. 
4. Immerse the electrode into the most dilute standard 

solution, and measure the developed potential while stirring t h e  

solution with a magnetic stirrer. Note: - Avoid stirring the 
solution before immersing the electrode because entrapped air 
around the crystal can cause erroneous readings or needle fluc- 
tuations. 

5. Keep the electrodes immersed in the solution 3 min in 
order €or it to stabilize before taking a final positive milli- 
volt reading. 

6. Record the reading on the laboratory form, Figure 2 . 7 ,  
and remove the electrode from the sample. 

7 .  Soak. the electrode f o r  30 s in distilled water, and 
then blot it dry. 

8 .  Plot the millivolt value on the bixreax axis of semilog 
graph paper and plot the known concentrations of fluoride stan- 
dards on the log axis as shown in Figure 2.8. Note: Plot the 
nominal value for concentrations of t h e  standards on the log 
axis; for example, when 5 0  ml of the 0.01M standard is diluted 
with 50 ml TISAB, the concentration is plotted as 0.01M. Measure 
the most dilute standard first and the most concentrated standard 
last, as shown on Figure 2 . 8 ,  to get a straight-line calibration 
curve w i y l  nominal concentrations of 0.00001, 0.OOOi, 0.001, 
0.01, and O.1M NaF.  To obtain the required precision, use 4 or 5 
cycle semilog paper similar to that in Figure 2 . 8 .  

To check the accuracy of the calibration curve, prepare and 
measure a control sample (Section 3.9.5). Prepare fresh stan- 
dardizing solutions of - <0.01M NaF daily, and store the solutions 
in polyethylene or polypropylene contains. 

The fluoride electrode should be,checked periodically after 
repeated use for responsiveness and sensitivity. Compare the  
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Date .?-5- 80 

Date standards prepared 3-5-85 
Electrode number /dl# Temperature o f  standards J O X C  

Electrode potential (mV) 

3 
4 
5 

0.0001 

0.001 

0.01 

- Note: 
curve must be between 0.002M and 0.01M. 

The concentration o f  the control sample determined from the calibration 

Signature o f  analyst &.a .m- 
Si’gnature of reviewer 35%- 

Figure 2 . 7 .  Fluoride calibration data fo rm.  (Method 138) 
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01  I I I 1 
D a t e  C ~ O U  I . ) 9  6 0  

- - 0  S a m p l e  temp 30. 3 (", 
Analys t  I L O C Q n  

Reviewer K/dkel\ 
5 0 1  

250 - 
I 

F L U O R I D E  M O L A R I T Y  (M) 

F i  g u r e  2.8. F1 uor i  de cal i brati  on curve, Method 13B. 
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electrode responses or millivolt readings of samples or standards 
of the same fluoride concentration. For equal concentrations of 
fluoride, t h e  electrode response should remain stable with each 
analysis, if not, repair or replace the electrode. 

electrode use give direct readouts of F- concentrations. These 
meters may be used over narrow concentration ranges. Calibrate 
the meter according to manufacturer's directions. 

Certain specific-ion meters designed specif ical ly  f o r  fluoride 
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TABLE 2.1. ACTIVITY MATRIX FOR CALIBRATION OF EQUIPMENT 

Apparatus 

Wet t e s t  m e t e r  

Dry gas meter 

Thermometers 

Barometer 

Probe nozzle 

Acceptance l i m i t s  

Capacity of >3.4 m3/h 
(1 20 f t3 /h )  ;-accuracy 
w i t h i n  21.0% 

Y. = Y f 0.02 Y a t  
f l o w  ra te  o f  0.02 - 
0.03 m3/min (0.7 - 
1.1 ft3/min) 

Impinger thermometer - +l0C ( Z O F ) ;  dry gas 
meter thermometer - +3'C (5.4OF) over 
appl i cab1 e range 

- +2.5 mm (0.1 in.) ttg o f  
mercury- i n-g1 ass barom- 
e te r  

Average three ID mea- 
surements of nozzle; 
d i f ference between high 
and low ~0.1 mm 
(0.004 i'ii.) 

Frequency and method 
o f  measurement 

Cal ibrate i n i t i a l l y  
and year ly  by 1 i q d d  
displacement 

Cal ibrate w i t h  wet 
t e s t  meter i n i t i a l l y  
t o  agree w i t h i n  Y f 
0.02 Y and when post- 
t e s t  check i s  no t  
w i t h i n  Y f 0.05 Y 

Cal ibrate each i n i -  
t i a l l y  against a 
mercury-i n-glass 
thermometer; before 
f i e l d  t r i p  compare 
each w i th  mercury- 
i n-gl ass thermometer 

Cal i brate i n i t i a l  l y  
vs mercury- in -g l  ass 
barometer; check 
before and a f t e r  
each f i e l d  t e s t  

Use a micrometer t o  
measure t o  near- 
es t  0.025 mm (0.001 
in . )  

requirements 
are not met 

Adjust t o  
meet speci f i - 
cations, o r  
re tu rn  t o  
manufacturer 

Repair o r  re- 
place, and 
then reca l i -  
brate 

Adjust, de- 
termine a 
constant cor- 
rec t ion  fac- 
t o r ,  o r  re-  
j e c t  

Adjust t o  
agree w i t h  
c e r t i f i e d  
barometer 

Recalibrate, 
reshape, and 
sharpen when 
nozzle be- 
comes nicked, 
dented, o r  
corroded 

(continued) 
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Table 2 . 1  (continued) 

Apparatus 

Stack tempera- 
t u re  sensor 

T r i p  balance 

P i t o t  tube 

F1 uor i  de 
electrode 

Acceptance limits 

22.5% of average stack 
temperature, O R  

Standard Class-S 
weights w i t h i n  20.5 g 
of s ta ted  value 

Type S; i n i t i a l l y  
cal ibrated according t o  
Section 3.1,  Meth 2;  
tube ttps undamaged 

Calibration curve p l s t -  
ted w i t h  F standard 
solutions o f  O . l M ,  
0. O l M ,  0. Q O l M ,  
0. OOOlM,  and 0. O O O O l M  
and corresponding mV 
reading on semilog 
graph paper; s t ab le  
electrode response 

Frequency and method 

Calibrate i n i t i a l l y ;  
check a f t e r  each 
f i e l d  t e s t  

of measurement 

Verify cal i bra t i  on 
when f i r s t  purchased, 
any time moved or  
subject to.rough 
hand1 i ng , and during 
routine operations 
when n o t  w i t h i n  
f 0.5 g 

Visually check 
before each fie’ld 
t e s t  

Calibrate w i t h  each 
use and every hour 
of continuous use; 
check response 
s t a b i l i t y  of elec- 
trode a f t e r  re- 
peated use 

Action i f  
requi rernents 
a re  not met 

A d j u s t  o r  
r e j ec t  

Have the 
manufacturer 
reca l ibra te  
or  adjust  

Repair or 
repl ace 

Repair or 
repl ace 
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3 . 0  PRESAMPLINC OPERATIONS 

The qua l i t y  assurance a c t i v i t i e s  f o r  presampling operations 
a re  summarized i n  T a b l e  3 .1  a t  the end of t h i s  sect ion.  See 
Sections 3 . 0 . 1  and 3 .0 .2 ,  of this Handbook f o r  general informa- 
t i o n  on preliminary s i t e  v i s i t s .  See Section 3.4.3 (Method 5) 
f o r  more detailed and s p e c i f i c  information of presampling opera- 
t i ons  f o r  sampling equipment similar t o  the Method 13 equipment. 
3.1 Apparatus Check and Cal ibrat ion 

P r e t e s t  checks must be made on most of t he  sampling apparat- 
us. Figure 3.1 should be used t o  record data  on the  p r e t e s t  
c a l i b r a t i o n  checks. Figure 3.2 i n  Section 3.4 of t h i s  Handbook 
is recommended t o  a id  t h e  tester i n  preparing an equipment check- 
l i s t ,  s t a t u s  form, and packing l ist .  
3.1.1 Sampling Train - A schematic of t h e  EPA Method 13 sampling 
t r a i n  (Figure 1.1) should be used f o r  assembling the  components 
and f o r  checking f o r  compliance ( spec i f ica t ions  i n  the  Reference 
Method, Sec t ion  3 .9 .10 ) .  
3.1.2 Probe and Nozzle - Clean the probe and t h e  nozzle i n t e r -  
na l ly  by brushing first with t a p  water, then w i t h  deionized dis- 
t i l l e d  water, and f i n a l l y  with acetone; allow both t o  dry i n  the 
a i r .  The probe should be sealed a t  the i n l e t  o r  t i p ;  should be 
checked f o r  leaks a t  a vacuum of 380 mm (15 in. ) Hg;  and should 
be leak free under these conditions.  The probe l i n e r ,  i n  extreme 
cases,  can be cleaned w i t h  s t ronger  reagents;  i n  e i t h e r  case,  the 
object ive i s  t o  leave the  l i n e r  free from contaminants. Check 
t h e  probe's heating system t o  see t h a t  it is  operating properly 
and t h a t  it prevents moisture condensation. 

glassware should be cleaned f irst  w i t h  detergent and tap water 
and then w i t h  deionized d i s t i l l e d  water. All glassware should be 
v i sua l ly  inspected fo r  cracks o r  breakage and then repaired o r  
discarded i f  defect ive.  I f  a f i l t e r  is  t o  be used between t he  
probe and the  f i rs t  impinger be sure  t h a t  an acceptable s t a i n l e s s  
steel mesh f i l t e r  support is packed; glass fri t  supports are not 
acceptable. 

3.1.3 Impinqers, F i l t e r  Holders, and Glass Connectors - A l l  
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Date 5- //- 80 Calibrated by 4d6 
Meter box nhber /%-/ AH@ I* 8 7 

Dry Gas Meter* 

Pretest calibration factor Y /* 013 (within f2% of the 
average factor for each calibration run). 

Impinger Thermometer 
Was a pretest temperature correction used? Yes no 
If yes, temperature correction (within fl°C (2OF) 
of reference values for calibration and wcthin f2OC (4'F) Of 
reference value for calibration check) 

Dry Gas Meter Thermometers 
Was a pretest temperature correctioh made? Yes no 
If yes, temperature correction 
reference value for calibration and within 6 O C  (10.8OF) of 
reference values for calibration check) 

(within f 3 O C  (5.4OF) of 

Stack Temperature Sensor" 

Was a stack temperature sensor calibrated against a reference no / Yes 
. -  

thermometer? 
If yes, give temperature range w i t h  which the readings agreed 
within f1.5% of the reference values 300 to -36  o K M  

Barometer 
Was the pretest field barometer read$ng correct? Jyes - no 

(within f2.5 mm (0.1 in.) Hg of the mercury-in-glass barometer) 

Nozzle* 

Was the nozzle calibrated 
/ yes no 

to the nearest 0.025 mm (0:OOl in. ) ?  

*Most significant items/parameters to be checked. 

Figure 3.1. Pre,test sampling checks. 
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3.1.4 Pump = The vaci 
by the manufacturer , 

un pump should be serviced as recommended 
or every 3 mo, or upon erratic behavior 

(nonuniform or insufficient pumping action). Check the oiler 
jars, if used, every 10 tests. 
3.1.5 Dry Gas Meter - A dry gas meter calibration check should 
be made using the procedure in Section 3.4.2. 
3.1.6 Silica Gel - Either dry the used silica gel at 175OC 
(347'F) €or at least 2 h or use fresh silica gel. Weigh several 
200- to 300-g portions in airtight containers to the nearest 
0.5 g if the moisture content is to be determined. Record the 
tbtal weight (silica gel plus container) f o r  each container. 
3.1.7 Thermometers - The thermometers should be cornpared to a 
mercury-in-glass reference thermometer at ambient temperature. 
3.1.8 Barometer - The field barometer should be compared before 
each field trip with a mercury-in-glass barometer or with a 

weather station reading after making an elevation Correction. 
3.2 Reagents and Equipment 
3.2.1 Filters - Check the filters visually against light for 
irregularities, flaws, and pinhole leaks. Determine the F-blank 
value by analyzing three filters chosen from each lot (Section 
3.9.5); if the value is (0.015 mg F/cm2 they are acceptable for 
field use. 
3.2.2 Water - 100 ml of deionized distilled water is needed for 
each of the first two impingers and for sample recovery. 
3.2.3 Ice = Crushed ice is needed to keep the gas that exits 
into the last impinger below 2 l o C  (70'F). 
3.2.4 Stopcock qrease - Silicone grease that is acetone insol- 
uble and heat stable may be used sparingly at each connection 
point of the sampling train to prevent gas leaks; but this is not 
necessary if screw-on connectors with Teflon (or similar) sleeves 
are used. 
3 . 3  Equipment Packinq 

The accessibility, condition, and functioning of measurement 
devices in the field depend on careful packing and on careful 

- 

- 

- 

( 1  ,li; 



Section No. 3.9.3 
Revision No. 0 
Date January 4 1  1982 
Page 4 of 6 

movement on site. Equipment should be packed to withstand severe 
treatment during shipping and field handling operations. One 
major consideration in shipping cases is the construction mate- 
rials. The following containers are suggested, but are n o t  
mandatory. 
3.3.1 Probe - 
the probe from 
is lined with 

Seal the inlet and o u t l e t  of the probe to protec t  
breakage. Pack the probe inside a container that 
polyethylene or other suitable material that is - 

rigid enough to prevent bending or twisting during shipping and 
handling; an ideal container is a wooden case (or t h e  equivalent) 
with a separate compartment lined with fo-aan material for each 
probe, and should have handles or eye-hooks that can withstand 
hoisting . - 
3.3.2 Impingers, Connectors, and Assorted Glassware - All im- - -  

pingers and glassware should be packed in rigid containers and 
protected by polyethylene or other suitable material. Individual 
compartments will help to organize and protect each piece of 
qlasswaxe. - 
3 . 3 . 3  Volumetric Glassware - A sturdy case lined with foam 
material is suggested for drying tubes and assorted volumetric 
glassware. - 
3.3.4 Meter Box - The meter box--which contains the manometers, 
orifice’ meter, vacuum gauge, pump, d r y  gas .meter, and themom- 
eters--should be packed in a shipping container unless i t s  hous- 
ing is sufficiently protective f o r  the components during travel. 
Additional pump oil should be packed if oil is required. It is 
advisable to carry a spare meter box in case of failure. 
3.3.5 Wash Bottles and Storage Containers - Storage containers 
and miscellaneous glassware should be packed in’a rigid foam- 
lined container. 
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TABLE 3.1 ACTIVITY MATRIX FOR PRESAMPLING OPERATIONS 
~~~ ~ 

Apparatus 

Sampl i ng t r a i n  
probe and 
nozzl e 

Impingers, 
f i l t e r  
holders, and 
glass  con- 
nectors 

Pump 

Dry gas meter 

Acceptance l imits  

1.  Probe, nozzle, and 
l i n e r  f ree  o f  contami- 
nants; constructed o f  
boros i  1 i ca t e  g lass  , 
quartz,  o r  equivalent;  
metal l i n e r  must be 
approved by admi n i -  
s t r a t o r  

2. Probe leak f r e e  
a t  380 mm (15 i n . )  Hg 

3 .  Probe heating 
system prevents mois- 
t u re  condensation 

Clean; f r e e  of breaks, 
cracks,  leaks,  e t c .  

Sampling r a t e  o f  0.02- 
0.03 m3/min ( 0 . 7  t o  
1.1 ft3/min) up t o  380 
mm (15 i n . )  Hg a t  pump 
i n l e t  

Clean; readings kZ% o f  
of average ca l ibra t ion  
f ac to r  

Frequency and method 
of  measurements 

1 .  Clean in te rna l ly  
by brushing with tap 
water, deionized dis- 
t i l l e d  water, and 
acetone; a i r  dry 
before t es t  

2. Check u s i n g  pro- 
cedures in  Subsec 2 . 3  

3. Chec'k heating 
system i n i t i a l l y  and 
when moisture cannot 
be prevented d u r i n g  
testing (Sec 3.4.1) 

Clean w i t h  detergent,  
tap water, and 
deionized d i s t i l l e d  
wcter 

Service every 3 mo 
o r  upon e r r a t i c  be- 
havior; check 
o i l e r  j a r s  every 10 
t e s t s  

Cal ibrate  according 
t o  Sec 3.4.2; check 
f o r  excess o i l  

Action i f  
requi rements 
are  n o t  met 

1 .  Repeat 
cleaning and 
assembly pro- 
cedures 

2. Replace 

3. Repair or 
rep1 ace 

Repair or  
discard 

Repair or re- 
t u r n  t o  manu- 
fac turer  

As above 

(conti nued) 
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Tab1 e 3 . 1  ( c o n t i  nued) 

Act ion i f  
requirements 
are not  met 

Frequency and method 
o f  measurements Acceptance l i m i t s  Apparatus 

Reagents and 
Equipment 

No i r r e g u l  a r i  ti es ¶ 

f laws, p inhole leaks; 
- (0.015 mgF/cm2 

Visual  l y  check before 
t e s t i n g ;  check each 
l o t  o f  f i l t e r s  f o r  F 
content 

Rep1 ace F i  1 t e r s  

R e d i s t i l l  o r  
rep1 ace 

Water  D e i  on i  zed d i  s t i 1 1 ed 
conf ormi ng t o  
ASTM-D1193-74, Type 3 

Run blank evapora- 
t i o n s  before f i e l d  
use t o  e l  iminate h igh  
s o l  i d s  (on l y  requi  red  
i f  impinger contents 
t o  be analyzed) 

~ ~~ 

Rep 1 ace Stopcock grease Acetone inso lub le ;  
heat s tab le  

Check l a b e l  upon 
r e c e i p t  

- Packing Equip- 

Repack Probe R i g i d  conta iner  1 i ned 
w i t h  polyethy lene foam 

P r i o r  t o  each ship- 
ment 

Impi ngers ¶ con- 
nec to rs¶  and 
assorted 
glassware 

R i g i d  conta i  ner 1 i ned 
w i t h  po lyethy lene foam 

As above As above 

Pump Sturdy  case l i n e d  w i t h  
po lyethy lene foam ma- 
t e r i a l  i f  no t  p a r t  o f  
m e t e r  box 

As above As above 

As above Meter box Meter box case and/o.r 
a d d i t i o n a l  mater i  a1 t o  
p r o t e c t  ' t r a i n  compon- 
ents; pack spare meter 
box 

R i g i d  foam- 1 i ned con- 
t a i  ner 

As above 

\dash b o t t l e s  
and storage 
containers 

As above 
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4.0 ON-SITE MEASUREMENTS 
The on-site activities include transporting equipment to the 

test site, unpacking and assembling t h e  equipment, making duct 
measurements, performing the velocity traverse, determining 
molecular weights and stack gas moisture contents, sampling for 
fluorides, and recording t h e  data. T a b l e  4.1 at the end of this 
section summarizes the quality assurance activities for on-site 
activities. Blank forms to be used in recording data are in Sec- 
tion 3.4.12 for the convenience of the Handbook user. 
4.1 Handlinq of Equipment 

The most efficient means of transporting or moving t h e  
equipment from ground level to the sampling site should be de- 
cided during the preliminary site visit (or prior correspon- 
dence). Care should be exercised to prevent damage to the test 
equipment or injury to test personnel during t he  moving phase. A 
"laboratory" area should be designated for assembling the s m -  

pling train, placing the filter in the filter holder, charging 
the impingers, recovering the sample, and documenting the re- 
sults; this area should be clean and free of excessive drafts. 
4.2 Sampling 

The on-site sampling includes preliminary measurements and 
setup, placing the filter in the filter holder, setting up the 
sampling train, preparing the probe, checking for leaks along the 
entire train, inserting the probe into the stack, sealing the 
port, checking the temperature oP the probe, sampling at desig- 
nated points, and recording the data. A final leak check must 
always be performed upon completion of the sampling. 
4.2.1 Preliminary Site Measurements - These measurements are 
needed for locating the pitot tube and the probe during the 
sampling. 

Be sure t he  site meets Method 1 specifications; if not, 
due to duct configuration or other. reasons, have the site ap- 

1. 

proved by the administrator. 
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2 .  Be sure a 115-V, 30-A electrical supply is available 
for operating the standard sampling train. 

3 .  Either measure t h e  stack and determine the minimum 
number of traverse points by Method 1, or check the traverse 
points determined during the preliminary site visit (Section 
3.0). 

4. Record a l l  data on the traverse point location form 
shown in Method 1. These measurements will be used to locate the 
pitot tube and the sampling probe during preliminary measurements 
and actual sampling. 
The site must be accepted before a valid sample can be taken. 
4.2.2 Stack Parameters - By t h e  following preliminary measure- 
ments, m e  user can set up the nomograph as outlined in 
APTD-0576.4 An example nomograph data form is Figure 4.1. Using 
the stack parameters obtained, the isokinetic sampling rate can 
be set. 

1. Cheek the sampling site for cylonic or nonparallel flow 
(Method 1 I Section 3.0). 

2. Determine the stack pressure, temperature, and t he  
range of velocity heads encountered (Method 2 ) .  

3. Calculate the moisture content by using Method 4 or 
its alternatives. If the source has been tested befors or if a 
good estimate of the moisture is available, this value can be 
used to avoid calculations. If the stack gas is saturated with 
moisture or has water droplets, t h e  moisture content must be 
determined by using stack gas temperature sensor (Method 4). 

4. Calculate t h e  dry molecular weight (Md) of the stack 
gas (Method 2 ) .  If an integrated gas sample is required, follow 
Method 3 procedures and take the gas sample simultaneously with 
and for the same total length of time as the fluoride sample. 

Record the data on the sampling and t h e  analytical data 
forms for molecular weight determinations located in Section 3.2/ 
Method 3. 
Note: - The condensate collected during the sampling can be used 
in the final calculations of moisture content (Section 3 9.6). 

- 

5 .  

f 
I 
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Average meter temperature (ambient + 20°F), O F  

.Percent moisture in gas stream by volume, % 

Barometric pressure at meter, in. Bg 

Static pressure in stack, in. Hg 

Ratio of static pressure to meter pressure 

(Pmf0.073 x stack gauge pressure, in. H20) 

Plant P-3 A &c. 

Date - /d- 80 
sampling location 

Tm avg 80 

BWO o .06 
pm a9.@8 , 

ps - 0 . O l  . 

1 
pS 

'Pm 

Calibrated pressure differential across 
orifice, in. H20 

1 Calculated nozzle diameter, in. 10.385 

Average stack temperature, OF 

Average velocity head, in. H 2 0  

Maximum velocity head, in. H20 

I factor 

Actual nozzle diameter, in. I ' 10.375/ 

0. rLC8 
Reference Ap, in. H20 

Figure 4.1. Nomograph data form (English units). 
I ,  
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4.2.3 Samplinq Rate - Method 13 sampling is performed isokinet- 
ically like Method 5, but the sampling rate must be (0.03 m /min 
(1.0 ft /min) during the test; the maximum AH will limit the rate 
to c0.03 m /min (1.0 ft /min). 

1. Select a nozzle size based on the range of velocity 
heads, so that the nozzle size will not have to be changed to 
maintain an isokinetic sampling rate. 

Select a nozzle that will maintain the maximum sampling 
rate at (0.03 m /min (1.0 ft /min) during the run. 

3 .  Check the maximum AH, using the following equation: 

3 
3 

3 3 

2 .  
3 3 

1.09 Pm M AH@ 
Maximum AH 

Tm 

where 

Equation 4-1 

Maximum AH = pressure differential acrgss the orifice that 
produces a flow of 1.0 ft /min, in. H20; 

Pm = pressure of the dry gas meter, in. Hg; 

M = molecular weight of the stack gas; 

AH@ = pressure differential across the orifice that 
produces a flow rate of 0 . 7 5  scfm, in. H20; and 

= temperature of the meter, OR. Tm 
4.  Install the selected nozzle using a Viton A O-ring if 

glass or stainless steel liners are used; install the nozzle on a 
stainless steel liner by using a leak-free mechanical connection 
(MTD00576~) or Teflon ferrules. 

Mark the probe with heat resistant tape or with another 
acceptable means to denote the proper distance to which it should 
be inserted into the stack or duct at each sampling point. 

6. Select a total sampling time that is greater than or 
equal to the minimum total sampling time specified in the test 
procedures f o r  the specific industry so that-- 

a. The sampling time per traverse point is 22 min 
(greater time interval may be specified by the administrator); 

5. 

!, t);C: 
Q ' 
!" 
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the  number o f  minutes sampled a t  each po in t  i s  e i t h e r  an integer  
o r  an in teger  p lus  one-half minute t o  avoid timekeeping er rors .  

b. The sample volume corrected t o  standard conditions 
exceeds the required minimum t o t a l  gas sample volume (can be 
based on an approximate average sampling ra te ) .  In  some circum- 

s tances  (e.g., batch cyc le s ) ,  it may be necessary t o  sample fo r  
sho r t e r  times and t o  obtain smaller gas sample volumes; if SO, 

obtain the administrator Is approval. 
Record the data  on the  f luor ide  field data form (Figure 

4.2). 
7. 

4..2.4 
preparing the  sampling t r a i n .  

Samplinq, Train Preparation - These s t eps  are needed fo r  

1. Keep all openings where contamination can occur covered 
u n t i l  j u s t  before assembly of the setup o r  before beginning the 
s amp1 i ng . 

2.  

3. 
4. 

Place 100 m l  of d i s t i l l e d  water ( a  graduated cylinder 

Leave the t h i r d  impinger empty. 
Add 200-300 g of preweighed s i l i ca  ge l  i n  the fourth 

impinger and place the empty container in .  a s a fe  place f o r  use  
l a t e r  i n  the  sample recovery, and record the weight of the  s i l i c a  
ge l  and the  concainer on the appropriate da ta  form. If moisture 

content i s  t o  be determined by impinger ana lys i s ,  weigh each of 
the first th ree  impingsrs t o  the  neares t  0.5 g, and record these 
weights. 

may be used) i n  each of the  first two impingers. 

5.. Use tweezers o r  clean disposable surg ica l  gloves t o  
place the  f i l t e r  i n  the f i l t e r  ho lder .  

6. B e  sure  t h a t  the f i l t e r  is  properly centered and t h a t  
the gasket is properly placed t o  prevent t h e  sample gas stream 
from circumventing the  f i l t e r .  
4 . 2 . 5  Sampling Tra in  Assemblage = The arrangement of .the Sam- 
p l ing  t r a i n  components is shown i n  Figure 1.1. 

Apply if needed t o  avoid contamination a very l i g h t  
coat of  s i l i cone  grease, but only on the  outs ide of a l l  ground- 
g l a s s  j o i n t s .  

I 1. 
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2 .  E i ther  place the f i l t e r  immediately following the probe 
o r  between the t h i r d  and f o u r t h  impingers. Normally the f i l t e r  
w i l l  be placed a f t e r  the t h i r d  impinger unless the f i l t e r a b l e  
p a r t i c u l a t e  f luo r ide  i s  t o  be measured. I t  i s  not  necessary t o  
have f i l t e rs  i n  both pos i t ions .  I f  i n  the  f r o n t  f i l t e r  pos i t ion ,  
use a 20-mesh s t a i n l e s s  s t e e l  f i l t e r  support w i t h  a s i l i cone  
outer  s e a l .  

3. Place crushed i c e  and water around the  impingers. 
4.  Check the  f i l t e r  t o  be sure  there a r e  no t e a r s .  
5. Attach a temperature sensor t o  the metal sheath of the  

sampling probe if it i s  not  already an i n t e g r a l  p a r t  of the  
assembly, so t h a t  the sensor extends beyond the probe t i p  and 
does not touch any metal; t he  sensor should be about 1 .9  t o  
2.54 c m  (0 .75 t o  1 i n . )  from the  p i t o t  tube and the  nozzle t o  
avoid in te r fe rence  with the  gas flow; o ther  arrangements a re  
shown i n  Method 2 .  

4 . 2 . 6  Sampling Train Leak Checks - Leak checks a r e  necessary t o  
ensure t h a t  t he  sample has not  been biased low by d i l u t i o n  a i r .  
The Reference Method (Section 3.9.10) s p e c i f i e s  t h a t  leak checks 
be performed a t  c e r t a i n  t i m e s  as discussed below. Leakage r a t e s  
<4% of the average sampling r a t e  o r  0.00057 m3/min ( 0 . 0 2  
ft3/min) I whichever is  less, are acceptable. 
4.2.6.1 Pretest - (op t iona l )  I f  t he  tester opts  t o  conduct the 
p r e t e s t  leak check, the  following procedure should be used a f t e r  
t h e  sampling t r a i n  has been assembled. 

1. S e t  the f i l t e r  heating system a t  t he  desired operating 
teriperature. 

2 .  A l l o w  the  temperature t o  s t a b i l i z e .  
3. I f  a Viton A O-ring o r  o ther  leak-free gasket i s  used 

t o  connect the  probe nozzle t o  the probe l i n e r ,  leak check the 
t r a i n  at t he  sampling s i t e  by plugging the nozzle and pul l ing  a 
vacuum of 380 m (15 i n . )  Hg. Note: A lower vacuum may be used 
if it i s  not  exceeded during the  tes t .  

4.  I f  an asbestos s t r i n g  i s  used f o r  the  probe gasket, do 
n o t  connect t he  probe t o  t he  t r a i n ;  ins tead ,  f i r s t  plug the  i n l e t  
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t o  t he  f i l t e r  holder and p u l l  a vacuum of  380 mm (15  i n . )  H g  ( s ee  
previous n o t e ) ,  and then connect t h e  probe t o  the t r a i n  t o  leak 
check a t  a vacuum of  about  2 5  mm (1 i n . )  H g .  

Al te rna t ive ly ,  the  probe may be leak checked w i t h  the res t  
of  the  sampling t r a i n  i n  one s tep  a t  a vacuum of 380 mm (15 i n .  ) 
H g  (APTD-O58l3 and APTD-0576*). 

S t a r t  t he  pump w i t h  the  bypass valve f u l l y  open and the 
coarse ad jus t  valve closed. 

2 .  Open the coarse ad jus t  valve,  and slowly close t h e  
bypass valve u n t i l  the desired vacuum i s  reached. Note: Do no t  
reverse  the d i r e c t i o n  of  t he  bypass valve; t h i s  w i l l  cause d is -  
t i l l e d  water t o  back up from the impingers i n t o  the f i l t e r  
holder.  If  the desired vacuum i s  exceeded, e i t h e r  leak check at 
t h e  higher vacuum o r  end the leak cheek ( s t e p  3 below) and s t a r t  
over. 

1. 

-- 

- 

3 .  When t h e  leak check is  complete, slowly remove the  plug 
from the  i n l e t  t o  t he  probe o r  t h e  f i l t e r  holder; c lose  the 
coarse ad jus t  valve; and immediately t u r n  o f f  the vacuum pump t o  
prevent the impinger water from being forced back i n t o  the f i l t e r  
halder and t o  prevent the s i l i c a  gel from being forced back i n t o  
t h e  t h i r d  impinger. 

4. Visually check t o  be sure  t h a t  water d id  not contact  
t he  f i l t e r  and t h a t  t he  f i l t e r  has no t e a r s  before beginning the 
test .  
4 . 2 . 6 . 2  During the Sampling - I f  a component ( e .g . ,  f i l t e r  
assembly o r  impinger) change i s  necessary during the tes t ,  con- 
d u c t  a leak check before the change, according t o  the step-by- 
s t e p  procedure out l ined above. 

1. Record the i n i t i a l  dry gas meter reading on Figure 4.2. 
2. Be sure  t h e  vacuum is  equal t o  o r  g rea te r  than the 

maximum value recorded up t o  t h a t  po in t  i n  the tes t .  
3. I f  t he  leakage r a t e  is  - <0.00057 m3/min ( 0 . 0 2  ft3/min) 

o r  4% of the average sampling ra te  (whichever i s  less),  the 
r e s u l t s  a r e  acceptable, so no correct ion need be applied t o  the  
total volume of dry gas metered. 
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4 .  If a higher leakage rate is obtained, either record the 
leakage and correct the sample volume (Section 6.3(b) of the 
Reference Method, Section 3.9.10), or void the sample run. 

5. Record the final dry gas meter reading on Figure 4.2- 
4 .2 .6 .3  Posttest - (mandatory) At the conclusion of each sam- 

pling run, conduct a leak check in accordance with the procedures 
above. 

1. Record the initial dry gas meter reading on Figure 4 . 2 .  

2 .  Be sure the vacuum is equal to or greater than the 
maximum recorded during the sampling run. 

3. If the leakage rate is - <0.00057 m3/min (0.02 ft3/min) 
or 4% of the average sampling rate (whichever is less), the  
results are acceptable, so no correction need be applied to the 
total volume of dry gas metered. 

4 .  If a higher leakage rate is obtained, either record the 
leakage rate and correct the sample volume (Section 6.3(a) or 
6.3(b) of the Reference Method, Section 3.9.10), or void the 

- -  

sample run. 
5 .  

4 . 2 . 7  Sampling Train Operation - Just before beginning the 
sampling, clean the portholes to minimize the chance of sampling 
any deposited materials. Verify that the probe and the filter 

. heating systems (if required) are up to the desired temperatures 
and verify that the pitot tube and the nozzle are positioned 
properly. 

1. Record t he  initial dry gas meter readings, barometric 
pressure, and other data on Figure 4.2. 

2. Position the tip of the probe at t he  first sampling 
point with the nozzle tip pointing directly into the gas stream. 
When in position, block off the open area around the probe and 
the porthole to prevent flow disturbances and unrepresentative 
dilution of the gas stream. 

3. Turn on the pump, and immediately adjust- the sample 
flow to attain isokinetic conditions; maintain a sampling rate of 
*lo% of the isokinetic rate (unless otherwise specified by the 

Record the  dry gas meter reading on Figure 4 .2 .  

Follow the procedure below €or sampling: 

i IN 
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administrator), and adjust t h e  rate at any sanipling point if a 
20% variation in velocity pressure occurs. Note: Do -- not exceed 
the maximum AH. Use nomographs or programmed calculators to 
rapidly determine the orifice pressure drop corresponding to the 
isokinetic sampling rate. If the nomograph is designed as shown 
in APTD-0576,4 use it only with a Type s pitot tube which has a 
C coefficient of 0.85 f 0.02 and only when t h e  stack gas dry 
molecular weight (Md) is 29 f 4 ,  if C and M, are outside these 
limits, do not use the nomograph without compensating for the 
differences. Recalibrate the isokinetic rate or reset the nomo- 
graph if the absolute stack temperature (TS) changes by >lo%. 

4 .  Take other required readings (Figure 4.2)  at least once 
at each sampling point during each time increment. 

5 .  Record the final &y gas meter readings (Figure 4.2) at 
the end of each time increment. 

6. Repeat steps 3 through 5 far each sampling point. 
7. Turn of€ the pump; remove the probe from the stack; 

record the final readings after each traverse. 
8 .  Conduct the mandatory posttest leak check (Subsec- 

tion 4.2.6.3) at the conclusion of t h e  last traverse. Record any 
leakage rate. Also, leak check the p i t o t  lines (Method 2 ,  Sec- 
tion 3.1.2); the lines must pass this leak check to validate t h e  
velocity pressure data. 

9 Disconnect the probe, and then cap the nozzle and the 
end of the probe with polyethylene or equivalent caps. 

Periodically during the test, observe the connecting glass- 
ware--from the probe, through the filter, to the first ixnpinger-- 
f o r  water condensation. If  any is evident, adjust the probe 
and/or filter heater setting upward until the condensation is 
eliminated; add ice around the impingers to maintain t he  silica 
gel exit temperature at 20°C (68OF). 

The manometer level and zero should also be checked periodi- 
cally during each traverse. Vibrations and temperature fluetua- 
t i o n s  can cause the manometer zero to shift. 

P 
P 
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4 .3  Sample Recovery 

a l l  po in ts ,  begin t h e  cleanup procedure immediately. 
A f t e r  t h e  sampling is complete and the data  a re  recorded for 

1. Al.1ow the probe t o  cool u n t i l  it can be safe ly  handled. 
2 .  wipe o f f  a l l  external  p a r t i c u l a t e  matter near t he  t i p  

of the probe nozzle. 
3.  Cap t h e  t i p  loosely t o  keep from los ing  par t  of the 

sample; capping it t i g h t l y  while t h e  sampling t r a i n  i s  cooling 
can cause a vacuum t o  form i n  the f i l t e r  holder,  and can cause 
impinger water t o  be drawn backward. 

4. Remove the probe from the  sampie t r a i n  before moving 
the sample t r a i n  t o  the cleanup si te.  

5 .  Wipe o f f  the s i l i c o n e  grease, 
of the probe; be carefu l  no t  t o  l o se  
present.  

6 .  Wipe o f f  the s i l i c o n e  grease 
i n l e t ,  and cap . t h i s  i n l e t .  

and cap the  open o u t l e t  
any condensate that is  

from the  f i l t e r  holder 

7. Remove the  umbilical cord from the l a s t  impinger and 
cap the impinger. 

8. Wipe o f f  the s i l i cone  grease and then cap off the 
f i l t e r  holder o u t l e t  and any open impinger i n l e t s  o r  o u t l e t s  with 
ground-glass stoppers,  p l a s t i c  caps, or serum caps. 

9. Transfer t he  probe and the f i l ter- impinger  assembly t o  
an area tha t  is clean and protected from the wind t o  minimize the 
chances o f  contaminating o r  los ing  any of the sample. Inspect 
the t r a i n  before and during disassembly, and note any abnormal 
cond i t ims .  
4.3.1 Probe, Fi l ter ,  and Impinger Catches - This step-by-step 
procedure should be followed ca re fu l ly  t o  recover v i r t u a l l y  all 
of the sample collected i n  the probe, f i l t e r ,  and impinger. 

1. Use a graduated cyl inder  t o  measure ( t o  the  neares t  
1 ml) t h e  volume of water i n  the f i r s t  three impingers and any 
condensate i n  the probe. 

2. Record the  values on the  sample recovery and i n t e g r i t y  
form Figure 4.3.  
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Plant  -, Sample date  7 .  1480 
Sample loca t ion  P& Bun numbep 6s-l 
Sample recovery person (-nfiZ ~ a :  1980 L Q Q  yc\ ,T,L$9, Recovery d a t e .  

MOISTURE: 
I m p  i nge r s s i l i c a  gel 
Final volume ( w t )  275 m l  (9) Final w t  d l o . 5 9  9 
I n i t i a l  volume ( w t )  200  m l  ( 9 )  I n i t i a l  wt d n o . 5 g  g 
N e t  volume ( w t )  75 m l  (9) N e t  w t  l o g  9 

Total moisture R 5  g 
Color o f  s i l i c a  ge l  
Description of impinger water 

RECOVERED SAMPLE 

Water r inse  and 
impinger contents Liquid l eve l  
container number a d o 0 7  marked? 
Water blank Liquid l eve l  
container  number 2 2 0 0 6 marked? 

-+F-- - v 
Samples s tored  and locked? 
Remarks 

Date of  laboratory custody 
Laboratory personnel taking cus 
Remarks 

J PT F i g u r e  4.3. Sample recovery and i n t e g r i t y  da ta  fom.  
/ 
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3. Transfer the  impinger water from the  graduated cylinder 
i n t o  a polyethylene container.  

4 .  A d d  t he  f i l t e r  t o  t h i s  container using procedures 
sub] e c t  t o  the Administrator s approval. 

5 .  B e  sure  t h a t  d u s t  on the o u t s i d e  of: t he  probe o r  other 
component ( e .g . ,  the probe nozzle, probe f i t t i n g ,  probe l i n e r ,  
f i r s t  t h ree  impingers, impinger connectors, and f i l t e r  holder) 
does not  get  i n t o  the  sample while  cleaning o the r  sample-exposed 
surfaces  with deionized d i s t i l i e d  water; use (500 m l  f o r  the 
e n t i r e  wash, and add these washings t o  t he  washings and the 
f i l t e r  i n  t h e  polyethylene container.  To this container add the 
r ins ings  from the probe and nozzle, as  described i n  the  following 
procedure. 

Probe and Probe Nozzle - Having two people c lean the probe 
should minimize sample losses .  Keep brushes clean and protected 
from contamination at a l l  times. 

1. Carefully remove the probe nozzle, use a Nylon b r i s t l e  
brush t o  loosen p a r t i c l e s  from the  in s ide  surfaces;  use a wash 
b o t t l e  t o  r i n s e  w i t h  deionized d i s t i l l e d  water u n t i l  no p a r t i c l e s  
a re  v i s i b l e .  

2 .  Brush and r i n s e  the i n s i d e  p a r t s  of  the Swagelok f i t -  
t i n g  w i t h  deionized d i s t i l l e d  water i n  a s imi l a r  way. 

3. R i n s e  t h e  probe l i n e r  by s q u i r t i n g  deionized d i s t i l l e d  
water i n t o  the  upper end of t h e  probe and by t i l t i n g  and ro t a t ing  
the probe so t h a t  a l l  i n s ide  surfaces  a r e  wetted,  and l e t  t he  
water dra in  from the lower end through a funnel (g l a s s  o r  poly- 
ethylene ) 

Hold t h e  
d i  s ti 11 ed 
twis t ing  

4 .  

and i n t o  the container.  
Follow the r i n s e  with a cleaning w i t h  a probe brush. 
probe i n  an inc l ined  pos i t i on ,  and s q u i r t  deionized 
water i n t o  the  upper end while pushing t h e  brush  w i t h  a 
ac t ion  through the probe and catching any water and 

p a r t i c u l a t e  matter t h a t  i s  brushed f r o m  t h e  probe i n t o  the sample 
container.  Note: Brush three times, o r  a t  l e a s t  six times f o r  
s t a i n l e s s  s t e e l  o r  other  probes whish have small crevices  t h a t  
entrap p a r t i c u l a t e  matter. 

- 
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5 .  Rinse the  brush w i t h  deionized d i s t i l l e d  water, and 
quan t i t a t ive ly  c o l l e c t  these washings i n  t he  sample container. 

6 .  A f t e r  cleaning the brush, make a f i n a l  r i n se  of t he  
probe by repeating s teps  1-3. 

Impinger and F i l t e r  Assembly - To recover f i n e  pa r t i cu la t e s  
from these components, brush,  wash, and add the r ins ings  t o  the 
container.  

1. Rinse the in s ide  surface of each of the first three 
impingers and the i r  connecting glassware three t i m e s  using small 
port ions of deionized d i s t i l l e d  water f o r  each rinse,  and brush 
each sample-exposed surface w i t h  a Nylon br i s t le  brush, t o  ensure 
recovery of f i n e  p a r t i c u l a t e  matter. Make a f i n a l  r i n s e  of each 
surface and t h e  brush. 

2. Be sure  t h a t  a l l  j o i n t s  have been wiped clean of sili- 
cone grease before brushing and r i n s i n g  w i t h  deionized d i s t i l l e d  
water the ins ide  of the  f i l t e r  holder ( f ront-half  only if af te r  
the t h i r d  impinger) three o r  more t i m e s  as needed; make a f i n a l  
r inse  of the brush and f i l t e r  holder.  

Container - The following steps should be followed after a l l  
water washings and p a r t i c u l a t e  matter have been co l lec ted  i n  the 
sample container.  

1. Tighten the  l i d  so t h a t  water w i l i  not leak out  when it 
is shipped t o  the laboratory. 

2. Mark the height  of t h e  f l u i d  l eve l  so t h a t  t h e  re- 
ce ivers  can determine whether leakage has occurred during t rans-  
port. 

3. L a b e l  t h e  container c l e a r l y  t o  i den t i fy  i t s  contents; 
example sample label i s  shown i n  Figure 4.4.  

4.3.2 Sample B l a n k  - Prepare a blank by placing an unused filter 
i n  a polyethylene container and by adding a volume of water equal 
t o  the t o t a l  volume i n  the average sample. Process the blank i n  
the same manner as  t he  f i e l d  samples. 
4.3.3 S i l i c a  Gel. - Note the  co lor  of t h e  indicat ing s i l i ca  gel 
t o  determine whether it has been completely spent,  and make a 
notation of i t s  condition on Figure 4 . 3 .  
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P1 ant ;Mum f M c r j T s ; B  c i t y  e&bAsR c,.fH, E AfN 

S i t e  S - J L ~ Z ~  ~ L r L t 7  Sample type fh dkidf SA+J/F 

Date #-aB-g 0 Run number A S - t  
Front rinse M Front f i l t e r  El' Front solution r] 

Back rinse & Back f i l t e r  El' Back solution Ef 

Sol uti on Level marked .. 
m 
L Volume: Init ial  Final Y 

Clean up by E e: 

Figure 4.4.  Example o f  a sample label. 
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1. Transfer t he  s i l i c a  gel  from the fourth impinger t o  i ts  
o r ig ina l  container using a funnel and a rubber policeman, and 
s e a l  the container.  I t  i s  not necessary t o  remove the small 
amount of dus t  p a r t i c l e s  t h a t  may adhere t o  the  impinger w a l l ;  
s ince  the weight gain i s  used f o r  moisture ca lcu la t ions ,  do not  
use water o r  o ther  l i qu ids  t o  transfer the s i l i c a  gel .  

2 .  Determine the  f i n a l  weight gain t o  the neares t  0 .5  g; 
i f  a balance i s  avai lable .  

4.4 Sample Logis t ics  (Data) and Packinq of Equipment 

Follow t h e  sample recovery procedures for the required 
number of t e s t  runsl  and record a l l  da ta  on Figure 4.3 .  If the 
probe and the glassware (impinger, f i l t e r  holder,  and connectors) 
are t o  be used i n  t h e  next t es t ,  r i n s e  a l l  with d i s t i l l e d  deion- 
ized water and then acetone. To document the da ta  and t o  prepare 
the sample f o r  shipping the following s teps  are recommended a f t e r  
t h e  tes t .  

1. Check a l l  sample containers €or proper labe l ing  ( t i m e ,  
date ,  and loca t ion  of tests, number of  tests, and any other 
per t inen t  da t a ) .  Be sure  a blank has been taken and labeled. 

2 .  Duplicate a l l  data  recorded during the f i e l d  test ,  t o  
avoid cos t ly  mistakes, by using either carbon paper o r  data forms 
and a f i e l d  laboratory notebook. Avoid using water soluble  pens. 

Mail one set  of data t o  the  base laboratory o r  give it 
t o  another team member o r  t o  personnel i n  the  agency; handcarry 
the other  set .  

4. Examine a l l  sample and blank containers and sampling 
equipment f o r  damage and f o r  proper packing f o r  shipment t o  the 

3. 

base laboratory,  and label a l l  shipping 
loss of samples o r  equipment. 

procedures by using the  on-site checkl i s t ,  
5 .  Make qu ick  checks of sampling 

containers t o  prevent 

and sample recovery 
Figure 4 . 5 .  
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Apparatus 

Probe nozzle: stainless steel glass 
Button-hook / elbow size 
Clean? 

Probe liner: borosilicate quartz other 
Clean? 
Heating system* 
Checked? 

Properly attached to probe?* 
Mod1 f ications 
Pitot tube coefficient 

- 

Pitot tube: Type S r / .  other 

~ _ _ _ _ _  
Differential pressure gauge: two inclined manometers 
other sensitivity o.o/ - O G I  

Clean? J 

glass frit Filter holder: borosilicate glass J 
filter support silicone gasket other 

Clean? I/ 

Condenser: number of impingers # 

~ .-__ F 

Contents: 1st / a 0 4  ff30 2nd / O O A  H’o 3rd - 4th U n ,  0 
Cooling system ( O Q ~  b a n  u 
Proper connections? I )  - 
Modifications N/! 

I 

Barometer: mercux r, other aneroid :Y 
Gas density determination: temperature sensor type 
pressure gauge 
temperature se J d to probe?* 

Procedure 

Recent calibration: 

Filters checked visually for irregularities?* 
Filters properly labeled?* U 

Sampling site properly selected? 
Nozzle size properly selected?* 
Selection of sampling time? 
All openings to sampling train filugged to prevent pretest con- 

Impingers properly~embled? 
Filter. properly centered? u r n 2  
Pitot tube lines checked f o r  pvlugging or leaks?* 

pitot tubes* c/ -& & ok 
meter box* . thermometers/thermocouples* I/ 

LLCW 

tamination? - 
Figure 4.5. On-site measurements. 

(continued) 
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-Figure 4.5 (cont inued)  

Manometers zeroed? J 

AH@ from most r e c e n t  c a l i b r a t i o n  / *  90 
Nomograph se tup  properly? f A L w  

Care taken t o  avoid scraping Aipple o r  s tack wal l?* 
Ef fec t ive  seal around probe when in-s tack? 
Probe moved a t  proper  t i m e ?  
Nozzle and p i t o t  tube p a r a l l e l  t b  stack wal l  a t  a l l  times?* 

D a t a  forms complete and da ta  properly recorded?* 
Nomograph s e t t i n g  changed when s t a c k  temp changed s i # n i f i c a n t l y ?  

Meter box leveled? / I -  Per iod ica l ly?  LIfid 

/-I- ? 
U 

F F i l t e r  changed during run? 
Any p a r t i c u l a t e  l o s t ?  n n  

ressure and o r i f i c e  pressure  readings recorded 
accurately?* 

Sampling performed a t  a r a t e  (1.0 c f m ?  P o s t t e s t  l eak  check performed?* V (mandatory) 
Leakage r a t e  O . O /  G j i W g g  1s 

O r s a t  ana lys i s  from s t a c k  i n c g r  a t e  d I, 

Fyri  t e  combus tio-s i s 
Bag system leakchecked?* r A L C w  

If  da t a  forms cannot be copikd, record:  

sample loca t ion  

approximate s t a c k  temp 3 I 7 O F  volume metered 8/f& 3. 
% i s o k i n e t i c  ca l cu la t ed  a t  end of each run 44 9e 

SAMPLE RECOVERY 

Brushes: nylon b r i s t l e  
Clean? 

Wash bott1es:O polyethylene o r  glass I A f m  

Clean? 
Storage containers :  polyethylene o t h e r  

Clean? Leakf ree? 
Graduated cyl”inder/or balance: 

o the r  
Balance: type uA-J 

o the r  - 
0 

+ 
+ 

subdivis ions - (2 ml?* 

Probe allowed t o  *ntly? /,Lo, t a r  M L M J  
Cap placed over nozzle  t i p  t o  prevent  losg of  p a r t i c u l a t e ? ”  

During 
Clean-up area  

Clean? 

S i l i ca  ge l :  typeO(6 t o  1 6  mesh)? new? used? 
Color? c o n d i t i o e w .  

Any f l u o r i d e  s p i l l e d ? ”  

F i l t e r s :  paper 

F i l t e r  handling: tweezers used? I L(& 
s u r g i c a l  gloves? U o t h e r  

(cont inued)  
i 



Section No. 3.9.4 
Revision No. 0 
Date January 4,  1982 
Page 19 of 2 i  

Figure 4.5 (continued) 

Water distilled? 
Stopcock grease: acetdhe-insoluble? 
heat-stable silicone? %her 

Probe handling: distilled water rinse 
Fluoride recovery from: probe nozzle 1 l L A  J 

probe fitting prob@ liner 
front half of k 

Blank: filter distilled water 
Any visible particles on filter holder inside probe?:* 

-+=---- 

-if-- Sealed tightly? -+-- All jars adequately labeled? 
Liquid level marked on jars?* 
Locked up? 

Filter blank 
.-+?--- 

1 

*Most significant iterns/parameters to be checked. 
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TABLE 4.1. A C T I V I T Y  M A T R I X  FOR O N - S I T E  MEASUREMENT CHECKS 

Apparatus 

Sampl i ng 

F i  1 t e r  

Condenser 
(add i t i on  o f  
reagents) 

Assembling 
samp’i i ng 
t r a i n  

Sampl i ng 
(i soki n e t i -  
c a l l  y ) 

Acceptance l i m i t s  

Centered i n  holder; no 
breaks, damage, o r  con- 
taminat ion dur ing 
1 oadi ng 

100 m l  o f  d i s t i l l e d  
water i n  f i r s t  t w o  
impingers; 200-300 g o f  
s i l i c a  gel i n  f o u r t h  
impinger 

1. Spec i f i ca t ions  
i n  F i g  1.1 

2. Leak r a t e  (4% of 
sampling volume o r  
0.00057 m3/min (0.02 
f ts/min) whichever i s  
1 ess 

1. Wi th in  510% o f  
i s o k i n e t i c  cond i t ion  
and a t  a r a t e  o f  less  
than 1 .0  f t3 /min 

2. Standard checked 
f o r  minimum sampling 
t ime and volume; sam- 
p l i n g  t ime - >2 min/pt 

Frequency and method 
of measurements 

Use tweezers o r  surg- 
i c a l  gloves t o  load 

Use graduated cy l i nde r  
t o  add water, o r  weigh 
each impinger and i t s  
contents t o  the near- 
e s t  0.5 g 

1. Check spec i f  ica-  
t i o n s  before each 
sampling run  

2. Leak check before 
sampl i ng by p lugging 
nozzle o r  i n l e t  t o  
f i r s t  impinger a i d  
p u l l i n g  a vacuum o f  
380 mm (15 i n . )  Hg 

1. Calculate f o r  
each sample run 

2. Make a quick ca l -  
c u l a t i o n  before t e s t ,  
and exact c a l c u l a t i o n  
a f t e r  

Action i f  
requirements 
are no t  met 

Discard f i l -  
t e r ,  and 
re1 oad 

Reassemble 
system 

1. Reassem- 
b l  e 

2. Correct  
the leak 

1. Repeat 
the t e s t  run  

2. A5 above 

(continued) 
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TABLE 4 .1  (continued) 

Apparatus 

Sample recovery 

Acceptance l i m i t s  

3. Minimum number o f  
po ints  speci,f i ed by 
Method 1 

4. Leakagg r a t e  - <O.O0057 m /min (0.02 
ft3/min) o r  4% o f  the 
average sampling vol- 
ume, whichever i s  l e s s  

Noncontaminated sample 

Samp 1 e 
I ogi s t i  cs , 
data co l lec-  
t i o n ,  and 
packing o f  
equipment 

1. A l l  data recorded 
co r rec t l y  

2. A l l  equipment exam- 
ined f o r  damage and 
labeled f o r  shipment 

3. A l l  sample contain- 
e r s  and blanks proper ly 
labeled and packaged 

Frequency and method 
o f  measurements 

3. Check before the 
f i r s t  t e s t  run by mea- 
sur ing duct and using 
Method 1 

4. Leak check a f t e r  
each t e s t  run o r  be- 
f o r e  equipment re -  
placement dur ing t e s t  
a t  the maximum vacuum 
dur ing the t e s t  (rnan- 
datory) 

Transfer sample t o  
1 abel ed polyethylene 
container a f t e r  each 
t e s t  run; mark leve l  
o f  so lu t ion  i n  the 
container 
~~ 

1. A f te r  each t e s t  
and before packing 

2. As above 

3. V isua l l y  check 
a f t e r  each sampling 

Action i f  
requirements 
are not met 

3. Repeat 
the procedure 
t o  comply 
w i th  s p e c i f i -  
cat ions o f  
Method 1 

4. Correct 
the sample 
volume or re -  
peat the sam- 
p l  i ng 

Repeat the 
sampl i ng 

1. Complete 
the data 

2. Repeat 
the sampling 
i f  damage 
occurred ..dur- 
i ng  the t e s t  

3.  Correct 
when possible 
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5.0 POSTSAMPLING OPERATIONS 

The postsampling operations include checks on the apparatus 
used in the field during sampling to measure volumes, tempera- 
tures, and pressures, and analyses of the samples collected in 
the field and forwarded to the base laboratory. Table 5.1 at the 
end of this section summarizes the quality assurance activities 
for the postsampling operations. 
5.1 Apparatus Checks 

Posttest checks will have to be made on most of the sampling 
apparatus. These checks will include three calibration runs at a- 
single orifice meter setting; cleaning; and/or routine mainte- 
nance. Cleaning and maintenance are discussed in Section 3.4.7 
and in APTD-O576.* Figure 5.1 should be used to record data from 
the posttest checks. 
5.1.1 Metering System - The metering system has two components 
that must be checked--the dry .gas meter and the dry gas meter 
thermometer (s ) . 

The dry gas meter thermometer(s) should be compared w i t h  an 
ASTM mercury -in -glass thermometer at room temperature. If the 
two readings agree within fG°C (10.8OF), the meter reading is - 

. acceptable; if not, t h e  meter thermometer must be recalibrated 
(Subsection 2.2, Section 3.4.2) after the posttest check of the 
dry gas meter. Use the higher meter thermometer reading (field 
or recalibration value) in the calculations. If the f i e l d $ -  
readings are higher than the recalibration reading, no tempera- 
ture correction is necessary; if the recalibration value is - 

higher, add the difference in the two readings to the average dry , 

gas meter temperature reading. 
The posttest check of the dry gas meter is described in Sec- 

tion 3.4.2. Any leaks in the metering system should have been 
corrected before the posttest check. If the dry gas meter cali- 
bration factor (Y) deviates by (5% from t h e  initial calibration 
f a c t o r ,  the  meter volumes obtained during the test series are 

- 

i /- I j?$ 
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Plant &/um;Num Sm&er Calibrated by ood n 
J 

Meter box number FB-/  Date 4-3/ -80  

Dry Gas Meter 

Pretest calibration factor, Y n.  W/i (within f2%) 
Posttest check? Y* 0.987 (within f5% of pretest) 
Recalibration required? Yes / no 

If yes, recalibration factor, Y (within f2%) 
Lower calibration factor, Y 4.986 for calculations (pretest or 

POS ttest check ' I  Y* . 0.987 (within f5% of pretest) 
.ed? Yes / no 

Y (within f2%) 
186 for calculations (pretest or 

pos ttest ) 

Dry Gas Meter Thermometers 

Was a pretest temperature correction used? yes / no 
If yes, temperature correction (within f 3 O C  (5.4OF) over 

Posttest comparison with mercury-in-glass thermometer?* (within 
f6*C (10.8OF) at ambient temperature) 

Recalibration required? Yes / no 
Recalibration temperature correction? (within f 3 O C  

(5.4'F) over range)* 
If yes, no correction necessary for calculations if meter 
thermometer temperature is higher; if calibration temperature 
is higher, add correction to average meter temperature for 
calculations 

range 1 

Stack Temperature Sensor 

Was a pretest temperature correction used? yes r /  no 
If yes, temperature correction " C * ( O F )  (within f1.5% of 

20 ,.K @ readings in K ( O R )  over range) 
Average stack temperature of compliance test, T 
Temperature of refe nce thermometer or solutioa foz?recalibr 

t i o n  S J ~  K (&* (within *lo% of T ) 
Temperature of stack thermometer for recafibration 528 K @ 
Difference between reference and stack thermometer temperature 
AT 8 K (OR) Do vslues agree within f1.5%?* / Yes no 
If yes, no correction necessary f o r  calculations 
If no, calculations must be done twice-once w i t h  t h e  recorded 
values and once w i t h  the average stack temperature corrected to 
correspond to the reference temperature differential (ATS) ,  
both final result values must be reported since there is no way 
to determine which is correct 

Figure 5;1 Posttest calibration checks. 

(continued) 
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Figure 5.1 (continued) 

Barometer 

no Was the pretest field barometer reading correct? d y e s  
Posttest comparison?* 29.5.T m (in.) Hg (f2.5 mm (0.1 in.) Hg) 

Yes / no Was calibration required? 
If yes, no correction necessary for calculations when the field 
barometer has a lower reading; if the mercury-in-glass reading 
is lower, subtract the difference from t h e  field data readings 
for the calculation 

- 

*Most significant items/parameters to be checked. 
I 
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acceptable; if Y deviates by >S%, recalibrate the.metering system 
(Section 3.9.2). In the calculations, use the calibration factor 
(initial or recalibration) that yields the lower gas volume f o r  
each test run. 
5.1.2 Stack Temperature Sensors - The stack temperature sensors 
(thermocouples and thermometers) should be compared with a refer- 
ence thermometer or with a thermocouple if the temperature is 
>405OC (761'F). 

For thermocouple(s), compare the thermocouple and t h e  ref- 
erence thermometer readings at ambient temperature. If the 
values agree within &1.5% of the absolute temperature, the Cali- 
bration is valid; if not, recalibrate the thermocouple (Section 
3.9.2) to determine the difference (ATs)  in the absolute average 
stack temperature (Ts). Note: This comparison may be done in 
the field immediately following each test. 

For thermometers, compare the stack thermometer w i t h  the 
reference thermometer at ambient temperatures if Ts is <lOO°C 
(212OF); compare them in boiling water if Ts is between 100°C and 
2OOOC (212'F to 360OF); compare them in a liquid with a boiling 

- 

point >2OO0C (360OF) if Ts is between 2 O O O C  and 405OC. (360O and 
751OF). Compare the stack thermometer with a thermocouple at a - 

temperature that is within *lo% of T, if T, is > 4 0 5 O C  (761'F). 
If the absolute temperatures agree within fl .5% the calibration 
is valid; if not, determine the error ATg to correct the average 
stack temperature. 
5.1.3 Barometer = The field barometer should be compared to the 

mercury-in-glass barometer. If the readings agree within f 5  mm - - 

(0 .2 in.) Hg, the field readings are acceptable; if not, use the 
lower value for the calculations. If the field readings are 
lower than the mercury-in-glass readings, the field data are 
acceptable; if not, use the difference in the two readings (the 
adjusted barometric value) in the calculations. 
5 . 2  Base Laboratory Analysis 

All f luo r ide  samples should be checked by the analyst upon 
receipt in the base laboratory for identification and sample 

-1 . I 

... 
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i n t e g r i t y .  
(Figure 5 . 2 ) .  E i the r  void the sample o r  c o r r e c t  t h e  da t a  using a 
technique approved by the  adminis t ra tor .  I f  a no t iceable  amount 

of  sample has been l o s t  by leakage,  t he  fol lowing procedure may 
be used t o  c o r r e c t  t h e  volume. 

1. Mark t h e  new l i q u i d  l e v e l  on t h e  sample conta iner .  
2. Treat the sample a s  described i n  Subsection 5 . 2 . 3  and 

nqte  t h e  f i n a l  d i l u t i o n  volume (Vsoln) .  
1 -9 

Add water up t o  t he  i n i t i a l  mark on t h e  conta iner ,  
t r a n s f e r  the water t o  a graduated cy l inde r  and record t h e  i n i t i a l  

Any losses should  be noted on t h e  a n a l y t i c a l  data  form 

3. 

sample volume (Vsolni) i n  m i l l i l i t e r s .  
4 .  A d d  water t o  t h e  new mark on 

&e water t o  a graduated cy l inde r ,  and 

5.  Correct  t h e  volume by using 
) i n  mill i leters.  (Vsolnf  

"so ln i  'soln' - - 'soln Vsolnf 

where 
= sample volume t o  be used 'soln' 

the conta iner .  . Transfer  
record t h e  f i n a l  volume 

the fol lowing equat ion:  

i n  the c a l c u l a t i o n s ,  m l ;  

= t o t a l  volume of s o l u t i o n  i n  which f l u o r i d e  i s  con- 
t a ined ,  m l ;  

= i n i t i a l  volume added t o  t h e  conta iner  in the f i e l d ,  
ml; 

= f i n a l  volume removed from the  conta iner  i n  t h e  base 
laboratory, ml. 

6 .  Both the corrected and uncorrected values should be 

submitted i n  the t e s t  r e p o r t  t o  the agency. 
T h i s  a n a l y t i c a l  method i s  based on measurement of  t h e  activ- 

i t y  o r  concentrat ions of  f l u o r i d e  ions  (F-) i n  aqueous samples by 
use of an appropr ia te  c a l i b r a t i o n  curve.  Fluoride a c t i v i t y  
depends, however, upon t h e  t o t a l  i o n i c  s t r e n g t h  of the  sample and 
t h e  e l ec t rode  does n o t  respond t o  f l u o r i d e s  which a r e  bound o r  
complexed. Th i s  d i f f i c u l t y  i s  l a r g e l y  overcome by adding a ,?) 
buf fe r  of high t o t a l  i o n i c  s t r e n g t h  and by r equ i r ing  prel iminary -y' 

'soln 

'solni 

Vsolnf  

d i s t i l l a t i o n  t o  e l imina te  i n t e r f e r e n t  i ons .  The sample response \ >  



Plant Acme FerSer  / r  ze I- Date f%rr IS ,  I980 
Sample location m b  1 a I>+ It=+ Analyst 
Samples identifiable J Yes no All liquid levels at marks / yes no 
Ambient temperature 
Temperature of calibrat.ion standards ~ n . 5  Pd 

A O . 5  r, Constant temperature bath used yes / no 0 - Date calibration standards prepared 0 

Temperature o f  samples bl0.5”C 

Concentration 
o f  fluoride 
from cal i- 

brati on curve, 
(M) , mol ari ty 

0. boo0 74 
R . Q b O / A  

0.00064cLb 

Total 
weight of 
f 1 uori de 
in sample 
(Ft) ’  mg 

3 5 1 5  
5.699 
d. I f 5  

--I- 

A1 i quot Di 1 uted 
Total total Sam- volume o f  

volume of ple added distillate 
sample, to still collected 

( V t L  ml (At)’ ml (vd)9 m1 

/QOO 100 dSd 
/ D O 0  1 0 0  a50 
/ 606 / 0 6  dSo 

-+---- 

Electrode 
potential, 

mV 

2 73 
2 63 
2847 

I 

I- -- t I I I I 

1000 I 1 6 6  I a 5 ~  I a97 l o  . O O O ~ ~ ~  I 6 .  s7u 

Sample 
number 

Sample 
identification 

number 
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to the ion-specific electrode is also monitored by a standard 
reference electrode and a modern pH meter that has an expanded 
millivolt scale. 

Procedures are .detailed herein for preparing reagents, 
blanks, control samples, distillation a l iquots ,  reference and 
working standards ( including serial dilutions ) , and an expanded 
calibration curve and procedure for treating, separating, and 
measuring the fluoride in samples. 
5.2.1 Reagents - The following reagents are needed for the 
analyses of fluoride samples. 

1. Calcium oxide (CaO) - ACS reagent grade powder or ACS 
certified grade containing ~0.005% fluoride. 

2 .  Phenolphthalein indicator - 0.1% in 1:l ethanol-water 
mixture (v/v). 

3. Sodium hydroxide (NaOH) - Pellets, ACS reagent grade or 
the equivalent. 

Sulfqric acid ( R , S O d l  - Concentrated, ACS reagent grade 
or the equivalent. 

Filters - Whatman No. 541 OK the equivalent. 
- Water - Deionized distilled to conform to ASTM SpeCifi- 

cation D1193-74, Type 3. The analyst may omit the MnO, test for 
oxidizable organic matter if high concentrations of organic 
matter are not expected. 

- 

4.  

5. 
6 .  

7. Totab ionic strength adjustment buffer (TISAB) - Add 
approximately 5 0 0  ml of distilled water to a 1-2 beaker; to this 
add 57 ml of concentrated glacial acetic ac id ,  58 g of sodium 
chloride and 4 g of CDTA (cyclohexylcnedinitrilotetraacetic 
acid); and stir to dissolve. Place the beaker in a water bath 
until it has cooled, and then slowly add about 150 ml of 5M NaOH, 
while measuring the p H  continuously with a calibrated pH elec- 
trade and a reference electrode pair,  until the pH is 5.3. Cool 

to room temperature, pour into a 1 - A  volumetric f l a s k  and dilute 
to the 1-2 mark with distilled water. 

8 .  Hydrochloric acid (HCl) - Concentrated ACS reagent 
grade or the  equivalent. 
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9. Sodium fluoride (NaF) standard (0.1 M) - Dissolve 4.2 g 
f 0.002 g ACS reagent grade NaF, which has been dried for a mini- 
mum of 2 h at llO°C (230OF) and stored in a desiccator, in deion- 
ized distilled water, and dilute to 1-2 with deionized distilled 
water; this solution contains 0.1 M of Fluoride. 

5.2.2 Blanks - The three blanks needed for the analysis are a 
filter blank to ensure that the quality of the filter is accept- 
able, a distillation blank to avoid cross contamination, and a 
sample blank to analyze with the samples to verify the purity of 
the reagents used in sampling and analyses. 

* i. 
+ *  

1. 
sampling 
for each 
lot. 

Filter blanks - Determine the fluoride content of the 
filters upon receipt of each new lot and at least once 
test series. Randomly select three filters from each 

- 

1. Add each filter to 500  ml of distilled water. 
2 .  Treat the filters exactly like a sample (Subsec- 

tion 5.2.3). 
3. Vse a 200 ml aliquot for distillation. Initially, 

the filter blank must be (0.015 mg F/cm2; if not, reject this 
batch and obtain a new supply of filters. 

2.  Distillation blank - Check the condition of the acid in 
the distillation flask (Subsection 5.2.5) for cross-contamination 
after every 10th sample by adding 220 ml of distilled water to 
t he  still pot and then proceed with the analysis. If detectabJe 
amounts of fluoride (>O.OOOOl M) are found in the blank, replace 
the acid in the distillation flask. 

3. Sample blank - Prepare the sample blanks in the field 
at the same time and with the same reagents used for sample 
recovery. 

1. Add an unused filter 
sampling to a volume of distilled 
amount used to recover the samples. 

from the same batch 
water equal to the 

used in 
average 
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2 .  Treat the sample blank in the same manner as the 
samples are treated (Subsection 5.2.3). Analyze the sample 
blanks with the samples. 
5 . 2 . 3  ,Sample Preparation - Use the following procedure to pre- 
pare samples for distillation. Distillation is not required if 
it can be shown to the satisfaction of the Administrator that 
fluoride results are unaffected by the alternate analytical pro- 
cedure (e.g. , ash and fusion of particulate matter with subse- 
quent ion selective electrode analysis, or direct electrode anal- 
ysis of gases trapped in impingers). 

1. Filter the contents of the sample container (including 
the sample filter) through a Whatman No. 541 filter or the equiv- 
alent into a 1500-ml beaker; if the filtrate volume is >900 ml, 
add NaOH to make the filtrate basic to phenolphthalein, and then 
evaporate to (900 ml. 

2 .  Place the Whatman No. 541 filter containing the insolu- 
bles (including the sample filter) in a nickle crucible, add a 
few milliliters of water; and macerate the filter with a glass 
rod. 

Add 100 mg o r  sufficient quantity of CaO to the nickel 
crucible to make the slurry basic; mix thoroughly; and add a cou- 
ple drops of phenolphthalein indicator, which turns pink in a ba- 
sic medium. Note: If the slurry does not remain basic (pink) 
during-the evaporation of the water, fluoride will be lost; if 
the slurry becomes colorless, it is acidic so add CaO until the 
pink returns. 

4. Place the crucible either in a hood area under infrared 
lamps or on a hot plate at low heat (approximately 50-6OoC) 
(122-140°F), and evaporate the water completely; then place the 
crucible on a hot plate under a hood and slowly increase the 
temperature for several hours or until the filter is charred. 

5 .  Place the crucible in a cold muffle furnace and gradu- 
ally (to prevent smoking) increase the temperature to 608OC 

(1112'F); maintain the temperature until the crucible contents 
are reduced to an ash containing no organic material; and remove 

- 

3 .  

- 

the crucible from the furnace to cool. 
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6 .  Add approximately 4 g of crushed NaOH pellets to the 
crucible, and mix; return the crucible to the furnace, and fuse 
t h e  sample for 10 min at 6OOOC (1112OF); and then remove the 
sample from the furnace, and cool it to ambient temperature. 

7. Use several rinsings of warm distilled water to trans- 
fer the contents of the crucible to the beaker containing the 
filtrate (step 1) and finally, rinse the crucible with two 20-ml 
portions of 25% (v/v) H 2 S 0 4 ,  and carefully add the rinses to the 
beaker 

8. Mix well, and transfer the beaker contents to a 1-2 
volumetric flask. Record this volume as Vt on the data form 
(Figure 5 . 2 ) .  Dilute to volume with distilled water, and mix 
thoroughly; and allow any undissolved solids to settle. 

9. Weigh the spent silica gel and report the weight to the 
nearest 0 . 5  g on the sample integrity and recovery form. 
5.2.4 Acid-water Ratio - The acid-water ratio in the distilla- 
tion flask should be adjusted by following this procedure. Use a 
protective shield when carrying out the procedure. 

1. Place 400 ml of distilled water in the 1-2 distillation 
flask, and add 200 m1 OP concentrated H 2 S 0 4 .  Slowly add the 
H 2 S O 4 ,  while constantly swirling the flask. 

2 .  Add soft glass beads and several small pieces of broken 
glass tubing, and assemble the apparatus as shown in Figure 1.3. 

3. Heat the flask until it reaches a temperature of 175OC 
(347'F), and discard the distillate, and hold the flask for 
fluoride separation by distillation. 
5.2.5 Fluoride Separation (Distillation) - Fluoride in the 
acid-water adjusted flask can be separated from other consti- 
tuents in the aqueous sample by distilling fluosilicic (or hydro- 
fluoric) acid from a solution of the sample in an acid with a 
higher boiling point. Samples with low concentrations 'of fluo- 
ride (e.g., samples from an inlet and outlet of scrubber) 
should be distilled first to eliminate contamination by carryover 
Of fluoride from the previous sample. I f  fluoride distillation 
in the milligram range is to be followed by distillation in the 
fractional milligram range, add 200 ml of deionized distilled ~4 

< . I  7 
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- -  

water and redistill similar to the acid adjustment procedure, 
Subsection 5.2.4, to remove residual fluoride from t h e  distilla- 
tion system. 

1. Cool the contents of the distillation f l a s k  (acid-water 
adjusted) to <8OoC ( 1 7 6 O F ) .  

Pipette an aliquot of sample conta-ining (10.0 mg F into 
the distilling flask, and add distilled water to make 220 ml. 
The aliquot size (At) should be entered on the data form (Figure 
5.2). Note: For an estimate of the aliquot size that contains 
- <lo mg F, see Subsection 5.2.6. 

3. Place a 250-ml volumetric flask at the condenser exit: 
heat the distillation f l a s k  as rapidly as possible with a burner, 
while moving the flame up and down the sides of the flask to 
prevent bumping; conduct the distillation as rapidly as possible 
L (15 min). Slow distillations have been found to give low fluo- 
ride recovery. Collect a l l  distillate up to 175OC (347OF). 
Caution: Heating >175OC (347OF) I will cause H2S04 to distill 
over. Note: The H2S04 in the distilling f l a s k  can be reused 
until carryover of interferent or until poor fluoride recovery is 
shown in the distillation blanks and the control samples. 

4 .  Before distilling samples and after every 10th sample, 
distill a control sample to check the analytical procedures and 
interferences (Subsection 5.2.6). 
5.2.6 control Sample - A control sample should be used to verify 
the calibration curve and the analytical procedures before and 
during the analysis of the f i e l d  samples. Use t h e  following 
procedures. 

1. The 0.05M NaF control sample stock solution - Add 2.10 
g of reagent grade anhydrous NaF to a 1-2 volumetric flask; add 
enough distilled water to dissolve; and dilute to 1-2 with dis- 
tilled water. 

2. 

2.. The 0.005M NaF working solution - Pipette 100 m%. of the 
0.05M NaF stock solution into a 1-1 volumetric f l a s k ,  and dilute 
t o  t h e  mark with distilled water to get the 0.005 M NaF working 
solution. Note: The control should be within 0.004M and 0.006M 
NaF; if not, take corrective action until these limits are met. 

' 1  1, J ', 
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3 .  Analyze t h e  working solution in t he  same manner as t h e  
samples are analyzed (Subsections 5.2.5, 5.2.9, and 5.2.10). 
5.2.7 Distillation Aliquot - The sample volume f o r  distillation 
should contain (10 rng F. Use the following procedure to estimate 
the aliquot size. 

1. Pipette a 25-ml a l iquot  of sample into a polyethylene 
beaker. 

2 .  Add an equal volume of TISAB buffer, and mix well. 
3 .  Adjust  t h e  pH meter, and read the millivolts for t h e  

nondistilled sample and the calibration standard solutions (Sub-  

section 5.2.8). 
4 .  Determine the rnolarity of the nondistilled sample from 

t h e  calibration curve, and determine the size of the aliquot for 
distillation by substituting the rnolarity (M) of the nondistilled 
sample in t h e  following equation: - -  

200 ml x 0.002M aliquot f o r  distillation (ml) = estimated molarity 

The a l i q u o t  size is only an approximation since the interferring 
ions have not been removed by distillation. If t h e  estimate is 
>220 ml, use 220 ml; if it is ~ 2 2 0  ml, add distilled water to 
make the total volume 220 ml; if required, dilute t h e  sample to 
get a minimum 1-ml aliquot. 
5 . 2 . 8  Calibration Standards - Use the Q.1M NaF reference stan- 
dard (Subsection 5.2.1 ) 'in the following procedure for preparing 
serial dilutions. 

1. P i p e t t e  10 ml of 0.1M NaF into a 100-ml volumetric 
flask, and dilute to volume with distilled water to get a 0.01M 
standard. 

2. Pipette 10 mL of the Q.01M standard solution to make a 
O.OQ1M solution in t h e  same manner, and so on to make 0.0801M and 
0.00001M solutions. 

3. P i p e t t e  50 ml of each of the standard solutions into 
separate polyethylene beakers, add 50 ml of TISaB buf fe r  to each, 
and mix well (50 ml of 0.01M diluted with 5 0  ml of' TISAE3 is still 
referred to as 0.01M). Prepare fresh 0.01M NaF standards daily. 

, f  
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A detailed explanation is in Section 3.9.2, Subsection 2.8 of 
this method along with calibration curves (Figures 2.8 and 2.9 of 
Section 3.9.2). 
5.2.9 Sample Treatment - To treat the distilled fluoride in the  
volumetric flask (from Subsection 5.2.5, step 3 ) ,  follow this 
procedure. 

1. Dilute with distilled water to the 250-ml mark on the 
volumetric flask at the condenser exit, and mix thoroughly. 

2. Pipette 25-ml of the  sample into a 50-ml volumetric 
flask, dilute to the mark w i t h  TISAB buffer solution, and mix 
well. 

3 .  Bring t h e  calibration standards and the samples to the 
same temperature; if the ambient laboratory temperature fluctu- 
ates more than f Z ° C  (4OF), condition the samples and standards in 
a constant temperature bath. 
5.2.10 Concentration Measurement - Some electrodes yield posi -  
tive (direct F- concentrations) and some yield negative (indi- 
rect) values; if positive, recalibrate the electrode by using a 
manufacturer-recommended standard, by adjusting the calibration 
control (if needed) to the correct value, and by verifying the 
calibration after measuring each standard and sample to prepare 
the calibration curve. 

Several precautions are needed before Beginning the proce- 
dure. 

1. Keep the pH meter on standby, and rinse between mea- 
surements. 

2. Keep t h e  electrodes in the storage solution to prevent 
overdrying if long periods of time are expected between uses. 

3 .  Do not allow t h e  electrode to touch t h e  Side of the 
beaker during or between measurements. 

4 .  use of a stirrer will minimize 
but stirring a solution before immersing 
a i r  around the crystal and cause needle 

electrode response t i m e ,  
the electrode may entrap 
fluctuations and errone- 

ous readings. 
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Use an ion-specific electrode in the following procedure for 
measuring the F- concentration. 

1. Transfer each standard and each sample to a series of 
150-rnl polyethylene beakers, and arrange each series so that the: 
lowest concentration will be read first to avoid carryovers. 

2.  Rotate the switch of the pH meter to standby, and allow 
a 30-min warm-up period. 

3 .  Raise the electrode from t h e  storage solution in the 
beaker, and rinse either the electrode thoroughly w i t h  distilled 
water or soak the fluoride-sensing electrodes in distilled water 
for 30 s before removing and blotting dry.  Note: This step 
should be done between each measurement. 

4 .  Turn the adjustment knob to calibrate; immerse the 
electrode in the NaF standard of lowest concentration. 

5 .  Rotate the switch to millivolts (mV), and turn the 
adjustment knob to calibrate, read the millivolts of the known 
buffer solution from the meter, and record the value on Figure 
5 . 2 .  Rotate the selector knob-to standby. 

6. Raise the electrodes carefully from the buffer solu- 
tion, and rinse thoroughly (step 3 ) .  

7.  Immerse the electrodes carefully into a beaker of 
standard solution, and set the beaker on a magnetic stirrer. 
Note: p If stirrer generates enough heat to change solution tem- 
perature, place insulating material (e.g., cork) between the 
stirrer and the beaker. 

8 .  Rotate the selector knob to mV, read the mV from the 

meter, and record the value on Figure 5.2; allow the electrodes 
to remain in the solution at least 3 min, and rotate the knob to 
standby; take a final reading. 

9. Repeat the above steps until all samples have been 
read. Switch to standby, and then rinse and store the electrodes 
in distilled water. 
5.2.11 Expanded Calibration Curve - Use the following procedure 
to construct an expanded calibration curve for analyzing samples 
in the lower concentration range of ( 2  mg F/250 ml distillate and 

- 

J S  d ?  
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for more accurate determinations of concentrations since samples 
in the range are (0.001M NaF.  Use this procedure to prepare 
calibration standards, using the  0.1M NaF standard for serial 
dilutions (Subsection 5.2.1). 

1. Pipette 10 ml of the 0.1M NaF into a 1-2 volumetric 
flask, and dilute to volume using distilled water to get a 0.001M 
standard . 

2. 
to 100 m l  

100 m l  to 
3. 

4. 

Pipette 10 ml of the 0.001M standard, 
to make a 0.0001M standard. 
Pipette 10 ml of the 0.0001M standard, 
m a k e  a 0.00001M standard solution. 
Pipette 50 ml of the 0.001M standard 

and dilute it 

and dilute to 

into a 100-ml 
volumetric flask, and dilute to volume with distilled water to 
get a 0.0005M standard. 

5. Pipette 10 ml of the 0.0005M standard into a 100-ml 
volumetric f l a s k ,  and dilute to volume to make a 0.00005M stan- 
dard. 

6 .  Calibrate the electrode, and construct a calibration 
c u k e  (Subsection 5.2.8). Note: As shown in Figure 5.3, the 
nominal concentrations of 0.00001M, 0.00005M, 0.0001M, 0.0005M, 
and 0.001M NaF should be plotted on the log axis  and the elec- 
trode potentials (mV) are plotted on a linear scale. 

Control samples are needed to verify the expanded calibra- 
tion curve and the analytical procedure before and duxing the 
analysis of the f i e l d  samples. U s e  the 0.005M control sample 
(Subsection 5. h .l) for the serial dilutions. 

1. Pipette 5 ml of the O.OO5M control sample into a 100-ml 
volumetric flask, and dilute to volume to get a 0.00025M control. 

2. Pipette 50 ml of the 0.00025M control into a poly- 
ethylene beaker, add 50 ml of TISAB buffer, mix well, and use to 
validate the calibration curve and to provide hourly checks on 

- 

the daily calibration. 
3. Analyze the control sample (Subsection 

record t h e  data on the laboratory worksheet (F igu re  
5 . 2 . 5 ) ,  and 

5.4). 
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Figure 5 . 3 .  .Expanded fluoride calibration curve. 
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Standard number Concentrat ion, M Electrode p o t e n t i  a1 , mV 

LABORATORY WORKSHEET 

Date 

Date standards prepared m w  1,  1978 
Temperature of standards 0 

/ 

d o . 5  c Electrode number 0 0 / 

1 2 09 0.001 

2 a a9 0.0005 

3 367 0.0001 

4 

1 o.oood4 I I Contro l  sample 

a 8 0  0.00005 

a 4 5  

5 

1 I I I - Note: The c o n t r o l  sample, from t h e  c a l i b r a t i o n  curve, must be between 
0.0002M and 0.0003M. 

0.00001 300 

Signature o f  ana lys t  hcvL p c Q 4 - d  

Signature o f  reviewer u& yr;’.,T& 

Figure 5.4 .  Expanded c a l i b r a t i o n  curve data form. 
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Table 5.1 ACTIVITY MATRIX FOR POSTSAMPLING OPERATIONS 

Apparatus 

Sampl i n9 
Apparatus 

Dry gas meter 

Meter thermome- 
t e r s  

Barometer 

Stack tempera- 
t u r e  sensors 

Base Laboratory 
Analysis 

Reagents 

Acceptance l i m i t s  

&5% o f  c a l i b r a t i o n  
f a c t o r  

+6OC (10.8OF) ambient 
temperature 

+5 mm (0.2 in.) a t  
ambient pressure 

&1.5% of the reference 
thermometer o r  thermo- 
coup1 e 

Prepare according t o  
Subsec 5.2 

Frequency and method 
o f  measurements 

Make th ree  runs a t  a 
s i n g l e  in termediate 
o r i f i c e  sett i .ng a t  
h ighest  volume o f  
t e s t  (Sec 3.9.2) 

Cornpare w i t h  ASTM 
mercury-in-glass 
thermometer a f t e r  
each t e s t  

Compare w i t h  mercury- 
in-glass barometer 
a f t e r  each t e s t  

Compare w i t h  r e f -  
erence temperature 
a f t e r  each run 

Prepare a c a l i b r a t i o n  
curve when prepar ing 
new reagent 

Act ion i f  
requirements 
are n o t  met 

Recal i b r a t e  ; 
use f a c t o r  
t h a t  g ives 
1 ower gas 
volume 

Recal ibrate;  
1:se higher  
temperature 
f o r  c a l  c u l  a- 
t i o n s  

Recal ibrate;  
use lower 
barometr ic 
value f o r  
c a l c u l a t i o n s  

Recal ibrate;  
c a l c u l a t e  
w i t h  and 
wi thout  tem- 
perature cor- 
r e c t i o n s  

Prepare new 
sol u t  i ons and 
c a l i b r a t i o n  
curves 

(continued) 
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Frequency and method 
of measurements 

Table  5.1 (continued) 

Action if 
requirements 
are not met Apparatus Acceptance limits 

Control sample +2% when run with 
f 1 uori de standards and 
k10% when distilled 
and run with field 
samples 

Prepare 'new controls 
before and during 
analysis of field 
samples 

Prepare new 
solution and 
calibration 
curve, and/or 
change dis- 
tillate 
sol uti on 

I I I 
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6 . 0  CALCULATIONS 

Calcu la t ion  e r r o r s  due t o  procedural  o r  mathematical m i s -  
takes can be a l a r g e  p a r t  of t o t a l  system error .  Thus, each s e t  
of  c a l c u l a t i o n s  should be repeated ox spotchecked, p re fe rab ly  by 
a team member o t h e r  than t h e  one t h a t  performed the o r i g i n a l  
c a l c u l a t i o n s .  I f  a d i f f e rence  g r e a t e r  than a t y p i c a l  roundoff 
e r r o r  i s  detected, the c a l c u l a t i o n s  should be checked step-by- 
s t e p  u n t i l  the  source of e r r o r  is found and corrected. 

A computer pragram is advantageous in reducing c a l c u l a t i o n  
e r r o r s .  If  a s tandardized computer program is used,  t h e  o r i g i n a l  
i a t a  entry should be checked and i f  d i f f e rences  a r e  observed, a 
new computer run should be made. 

T a b l e  6 . 1  a t  the end of t h i s  s e c t i o n  summarizes t h e  q u a l i t y  
assurance a c t i v i t i e s  f o r  c a l c u l a t i o n s .  Retain a t  l ea s t  one 
s i g n i f i c a n t  d i g i t  beyond t h a t  of  the acquired da ta .  Roundoff 
a f te r  t h e  f i n a l  ca lcu la t i ,ons  f o r  each run o r  sample t o  two s ig -  
n i f i c a n t  d i g i t s ,  in accordance w i t h  ASTM 380-76. Record the 
r e s u l t s  on Figure 6.1A o r  6.1B. 
6 .1  Nomenclature 

use i n  t h e  Subsections t h a t  follow. 
Terms used i n  Equations 6-1 through 6-7 a r e  def ined here  €or 

= Area of nozzle ,  c ros s - sec t iona l ,  m2 (ft') 

= Aliquot  of  total sample added to still, ml 

= Water vapor i n  the gas stream, proport ion by 

An 

*t 

Bws  volume 

= Concentration of f l u o r i d e  i n  stack gas cor rec t ed  
t o  s tandard condi t ions  of 2OoC, 360 mm H3 (68OF, 
2 9 . 9 2  i n .  H g )  on dry b a s i s ,  mg/rn ( l b / f t  ) 

cs 

= Tota l  weight o f  f l u o r i d e  i n  sample, m g  (lb) 

= Tota l  weight of  f l u o r i d e  i n  sample blank, m g  (Ib) 
Ft 

Ftb 

I = Percent  o f  i s o k i n e t i c  sampling, % 
'. --. 
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SAMPLE VOLUME (ENGLISH UNITS) 

vm = g z .  & g I f t 3 ,  Tm = 5 - 3 2 .  hoR, Pbar = d f  . 24 in. Hg 
Y = g .  - 9574, AH = - / . 91 in. H ~ O  

+ (AH/13.6) 
= 17.64 V 'bar = - 4cz. P z $ f t 3  

'm( s t d )  TIn --- 
Equation 6-1 

v V M  
= 4 .  f 9 Q X  -5 t d Ft = 4.19 x 10 - 

CONCENTRATION OF FLUORIDE 

F; - Ftb -6 
Cs = 35.31 = 3 . L ( I _ x L Q  - 

"m( s t d )  

- .  

loo6 lb Equation' 6-4 

(ENGLIGH UNITS) 

,90_ x lb 

lb/dscf 

All other equations same as Methods 2 and 5. 

Equation 6-5 

Figure 6.1A. Fluor ide  c a l c u l a t i o n  form (English units) .. - ' I .  
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+ (AH/13.6) 
= - / . 4 h f m3 Equation 6-1 'bar = 0.3858 Vm Y 

'm(std) *Ill 

Equation 6-4 

CONCENTRATION OF FLUORIDE (METRIC UNITS) 

"m(std) = - 1 3 4 2 dscm, Ft = 2. 8 2 s  Ftb = ,O . Q Q Q m g  

A l l  other equations same a s  Methods 2 and 5 .  

Equation 6-9 

Figure 6.1B. Fluoride c a l c u l a t i o n  form (metric u n i t s ) .  
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M = Concentration of fluoride from calibration cume, 
M 

= Molecular weight of water, 18.0 g/g-mole 
Mw (18.0 lb/lb-mole) 

= Barometric pressure at sampling site, mm (in.) Hg 'bar 
= Absolute stack gas pressure at sampling site, mm 
(in.) Hg 

= Standard absolute pressure, 760 mm (29.92 in.) Hg 'std 
R = Ideal gas constagt, 0.066236 mm Hg-m 3 /K-g-mole 

(21.83 in. Hg-ft /OR-lb-mole) 

= Absolute average dry gas meter temperature, 
K (OR) 

= Absolute average stack gas temperature, K (OR) 

= Standard absolute temperature, 293K (528OR) 

= Volume of distillate collected, ml 

= Total volume of liquid collected in impingers and 
silica gel ,  ml. (Volume of water in silica gel = 
grams of silica gel weight increase x 1 ml/g; 
volume of liquid collected in impinger = final 
vobuxne - initial volume) 

TS 

*s ta 

va 

'ic 

'm = Volume of gas sample measured by d r y  gas 
meter, dem (dcf) 

= Volume of gas sample measured by dry gas meter 
corrected to standard conditions, dscm (dscf) 

= Stack gas velocity calculated by Method 2 (Equa-  
tion 2-7) using data from Method 13, m/s (ft/s)  

'm(std) 

"s 

= Total volume of sample, ml 

= ~olume of water vapor in gas sample corrected to 
Vw(std) standard conditions, scm (scf)  

Vt 

Y = Dry gas meter calibration factor 

AH = Average pressure differential across the 0,PifiCe 
meter, mm (in.) H20 

pw = Density of water, 1 g/ml (0.00220 lb/ml) 
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0 = T o t a l  sampling time, min 

13.6 = Specific gravi ty  of mercury 

60 = s/min 

100 = Factor for convertimg t o  percent,  % 

6.2 Dry Gas V o l u m e ,  Corrected t o  Standard Conaitions 

Correct the sample volume measured by the dry gas meter 
(V,) t o  standard conditions (2OOC and 760 m Hg o r  68OF and 29.92 
in .  Hg) by using Equation 6-1. The absolute  dry  gas meter t e m -  
peratulfe (Tm) and o r i f i c e  pressure drop (AH) are obtained by 
averaging the f i e l d  data .  

+ (AH/13.6) Tstd 'bar = VmY - 
'm( std) Tm P,ta 

+ (AH/13.6) 'bar = K  V Y  
Tm l m  Equation 6-1. 

where 
K1 = 0.3858 K / m  Hg for metric u n i t s ,  and 

= 17.64 %/in. Bg f o r  English units. 
Note: - If the l eak  rate observed during m y  mandatory leak check 
exceeds the acceptable rate, the tes ter  s h a l l  either correct the 
value of V, i n  Equation 6-1 (Subsection 3.2.6, Method 3 1 ,  o r  in- 
v a l i d a t e  t h e  t e s t  m s .  

6.3 Volume of Water Vapar 

- PW %ta = K Vic 
'w( s t d )  - M, 'std 

where 
K = 0.00133 &/lab f o r  metric u n i t s ,  and 

= 0.04707 f t 3 / m l  far English u n i t s .  

Equation 6-2 



Section No. 3.9.6 
Revision No. 0 
Date January 4, 1982 
Page 6 of 7 

6.4 Moisture Content of Stack Gas 

w(std) V - - 
Bws 'm(std) + 'w(std) 

Equation 6-3 

Note: If liquid droplets are in the gas stream, assume the 
stream to be saturated; use a psychrometric chart to obtain 
estimate of the moisture percentage. 
6.5 Fluoride Content in Sample (Concentration) 

Equation 6-4 

where 

6.6 

6 . 7  

raw 

Equation 6-5 

K = 19 mg/mmole for metric units, 
K = 4.19 x lo5 lbs for English units. 
Concentration of Fluoride in Stack Gas 

Cs = K Ft - Ftb 
'm( s t d )  

K = 1.00 m3/m3 for metric units 
K = 35.31 ft3/m3 for English units. 
Isokinetic Variation (I ) 
The isokinetic variation (I) can be calculated from either 
data or intermediate values using the following equations. 

6.7.1 Calculation of I from Raw Data 

where 

K = 0.003454 mm Hg-mSml-K for metric units, and 

= 0.002669 in. Hg-ft3/ml-OR for English units. 
6.7.2 Calculations of I from Intermediate Values 

loo S 'm(std) 'std 
I =  Tstd v 8 e pS% 60 ( 1 0 ~ ~ ~ )  

Equatkon 6-7 



Soction No. 3.9.6 
Revision No. 0 
Date January 4, 1982 
Page 7 of 7 

where 
K = 4.320 for metric units, and 

= 8.09450 for English units. 

6.7 Acceptable Results 
If 90% 5 I 5 llO%, the results are acceptable. If the 

results are low in comparison to the standards and if I is beyond 
the acceptable range, the administrator may opt to accept %he 

results; if not, reject the results and repeat M e  test. 

Table 6.1 ACTIVITY MATRIX FOR CALCULATIONS 

Analysis data A l l  data and calcula- 
form tions given 

Visual check Complete the 
missing data 
values 

Calculations Difference between 
check and origlnal 
calculations within 
roundoff error; one 
decimal figure re- 
tained beyond tha t  o f  
acquired data 

Repeat e l l  calcula- 
tions s tar t ing w f t h  
raw data for hand 
calculations; check 
a l l  raw data i n p u t  
f o r  computer cal- 
cul at! ons and hand 
calculate one sample 
per t e s t  

' Indicate 
errors on 
analysis data 
form 

I so k i  net i c 90% < I 110%; see Calculate I f o r  
Eqs g-6 Znd 6-7 f o r  
calculation o f  I 
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7.0 MAINTENANCE 
Normal u s e  of  emission t e s t i n g  equipment subjects it tQ 

corrosive gases, temperature extremes, v ibra t ions ,  and shocks. 
Keeping the  equipment i n  good operating order over an extended 
t i m e  requires  rout ine  maintenance and knowledge of the equipment. 
Maintenance o f  t he  e n t i r e  sampling t r a i n  should be performed 

sooner. Maintenance a c t i v i t i e s  are summarized i n  Table 7.1 at 
t he  end of t h i s  sect ion;  the following rout ine  checks are recom- 
mended, b u t  n o t  required,  t o  increase r e l i a b i l t y .  
7 .1  Pume 

Several types of pumps are used in commercial Sampling 
t r a i n s ;  t w o  of  the most common a r e  the  fiber vane pump W i t h  

i n - l i ne  o i l e r  and the  diaphragm pump. The fiber vane pump n e d s  
a per iodic  check of the o i l  and the o i l e r  j a r .  Used oil (usually 
nondetergent o r  machine weight) should be about t he  same trans- 
lucent  co lor  as  unused or spare o i l .  When the pump s t a r t s  t o  rUn 
e r r a t i c a l l y  o r  when the head is  removed each year, t he  f i b e r  
vanes should be changed. 

The diaphragm pump requires l i t t l e  maintenance. If a+ 
diaphragm pump leaks o r  runs e r r a t i c a l l y ,  it is normally due to a 
bad diaphragm or t o  malfunctions i n  the valves;  these p a r t s  are 
e a s i l y  replaced, and should be cleaned annually by complete dls-  

assembly o f  the t r a i n .  
7 . 2  D r y  G a s  Meter 

either quar te r ly  o r  a f t e r  1000 f t  3 of  operation, whichever occurs 

The dry gas meter should be checked €or excess o i l  and 
component corrosion by removing the top p l a t e  every 3 mo. The 
meter should be disassembled, and all components cleaned and 
checked more of ten  i f  t h e  d i a l s  show e r r a t i c  r o t a t i o n  o r  i f  the 
meter w i l l  not c a l i b r a t e  properly. 
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7 . 3  Inclined Manometer 
The fluid should be changed when it is discolored, or when 

it contains visible matter, and when it is disassembled yearly. 
No other routine maintenance is required since the inclined 
manometer is checked during the leak checks of both the pitot 
tube and the entire meter box. 
7 .4  Sampling Train 

All other sample train components should be visually checked 
every 3 mo, and they should be completely disassembled and. 
cleaned or replaced yearly. Many of the parts, such as quick 
disconnects, should be replaced when damaged rather than after 
they are periodically checked. Normally, the best maintenance 
procedure is to replace the entire unit-for example, a meter 
BOX, sample box, or umbilical cord. 
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Apparatus 

Table 7 . 1  ACTIVITY MATRIX FOR EQUIPMENT MAINTENANCE CHECKS 

Frequency and method 
Acceptance l i m i t s  o f  measurements 

Ac t i on  i f  
requirements 
are no t  me t  

Replace as 
needed 

hav ior  

I I 

Per iod ic  check o f  o i l  
and o i l e r  j a r ;  remove 
head y e a r l y  and 
change f i b e r  vanes 

1 I I 

I I I 

Diaphragm pump Leak-free valves func- 
t i o n i n g  proper ly ;  re- 
qu i red  f l o w  

Clean valves du r ing  
y e a r l y  d! sassembly 

Repl ace when 
leak ing  o r  
when running 
e r r a t i c a l l y  

I 

I I I 
Dry gas meter ' N O  excess o i l ,  corro-  

' s i o n ,  or e r r a t i c  d i a l  
r o t a t i  on 

Check every 3 mo f o r  
excess o i l  o r  corro- 
s ion;  check valves 
and diaphragm i f  
d i a l  runs e r r a t i c a l l y  
or i f  meter w i l l  n o t  
c a l i b r a t e  

Repl ace p a r t s  
as needed, o r  
rep1 ace meter 

I n c l  i ned manom- 
e t e r  

No d i s c o l o r a t i o n  o f  o r  
v i s i b l e  mat ter  i n  t h e  
f l u i d  

Check periodically; 
change f l u i d  du r ing  
y e a r l y  disassembly 

Repl ace p a r t s  
as needed 

i I 

Other sampl i 
t r a i n  com- 
ponents 

No damage o r  leaks; no 
e r r a t i c  behavior 

V i s u a l l y  check every 
3 mo; disassemble and 
clean o r  replace 
y e a r l y  

If f a i l u r e  
noted, re- 
p lace meter 
box, sample 
box, o r  um- 
b i l i c a l  cord 

I I I 

Nozzle No dents, corrosion, 
o r  o ther  damage 

Visual  l y  check be- 
f o r e  and a f t e r  each 
t e s t  run  

Replace noz- 
z l e  o r  clean, 
sharpen, and 
r e c a l  i b r a t e  - I I I 
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8 . 0  AUDITING PROCEDURES 

An audi t  i s  an independent assessment of the qual i ty  of data 
col lected during a l l  source tests , especial ly  those required f o r  
enforcement. "Independentn means t h a t  the individual(  s) perfonn- 
ing the audi t  and the standards and equipment used i n  the audi t  
are d i f fe ren t  from the regular f i e l d  team and the standards and 
equipment used i n  the source tes t .  A source t e s t  for  enforce- 
ment comprises a series o f  runs a t  one source. Although qual i ty  
assurance checks by a f i e l d  team are  necessary fo r  routinely 
generating good qual i ty  data,  they a re  not p a r t  of the auditing 
procedure. T a b l e  8.1 a t  the end of this section summarizes the 
qual i ty  assurance a c t i v i t i e s  fo r  the auditors.  

Based on a collaborative test1 of Method 1 3 B ,  performance 
audi ts  are  recommended for- 

1. The sampling t r a i n  volumetric flow measuring dFvice, 
2 .  The ana ly t ica l  phase, and 
3. The data  processing. 

In  addition t o  the three performance audi ts ,  a system audi t  
should be conducted as specif ied by the qual i ty  assurance coordi- 
nator. The performance and the system audi ts  are  detailed i n  
Subsections 8.1 and 8.2. 

8.1 Performance Audi t s  
Performance audits--independent checks by an auditor t o  

assess data produced by the t o t a l  measurement system (sample 
co l lec t ion  and analysis ,  and data processing)--are quant i ta t ive 
appraisals of data  qual i ty .  
8.1.1 A u d i t  of Sampling Train Volumetr ic  Flow Metering Device - 

The audi t  procedure described i n  this subsection can be used 
t o  determine the accuracy of  the flow metering device (dry  gas 
meter) i n  a sampling t r a in .  The d r y  gas meter i s  audited using a 

ca l ibra ted  c r i t i c a l  flow o r i f i c e  housed i n  a quiCk-COMeCt c o w  ' 

pl ing  and the  following procedure: - 
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into the gas inlet quick-connect coupling on the source sampling 
meter box. 

2 .  

3. 
Turn the power to the meter box on and start the pump; 
Completely open the coarse flow rate control valve and 

close the fine flow rate control valve to give a maximum vacuum 
reading. Caution: A vacuum reading of (425 mm (17 in.) Hg will . 
result in flow rate errors. 

4. Allow the orifice and source sampling meter box to 
warmup for 45 rnin w i t h  flow controls adjusted as described in 
step 3 before starting quality assurance runs. If the audit is 
made at the conclusion of the sample run, the warmup period is 
not necessary. 

5. Make triplicate quality assurance runs. For each run, 
record the initial and the final dry gas meter volumes, the dry 
gas meter inlet and outlet temperatures, the internal orifice 
pressure drop (AH), the ambient temperature, and the barometric 
pressure. The duration of the run should be slightly >15 min. 
The following procedure is recommended and should be performed 
three times to provide the required triplicate quality assurance 
runs: 15 min after a run is started, watch the dry gas meter 
needle closely. As the needle reaches the zero (12 o'clock) 
position, stop the pump and stopwatch simultaneously. Record the 
dry gas meter volume and the time. 

6. Calculate the  corrected dry gas volume for each run 
using Equation 8-1. For each replicate, record the corrected dry 
gas volume in dry standard cubic meters, the sampling time in 
decimal minutes , the barometric pressure in millimeters of Hg; 
and t h e  ambient temperature in degrees celcius. 

'm( std) 

AH ('bar + -  13.6) 
= K  V Y  

l m  Tm 

Equation 8-1 I 

, ,  
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Responsible control  agencies can obtain a ca l ib ra t ed  c r i t i -  
c a l  o r i f i c e  (when ava i l ab le )  p r i o r  t o  each enforcement source 
t e s t ,  conduct t h e  aud i t ,  and r e tu rn  the o r i f i c e  and data  form t o  
EPA f o r  evaluation. Orifices may be obtained from the Source 
T e s t  Audit coordinator,  Quality Assurance Division, Environmental 
Monitoring Systems Laboratory, USEBA, Research Triangle Park, 
North Carolina 27711. I t  i s  a l so  suggested t h a t  organizations 
t h a t  conduct compliance tests p a r t i c i p a t e  i n  the EPA semiannual 
aud i t  of volume meters. 
8.1.2 Audits of the Analytical  Phase - The two recommended 
performance audi t s  should be performed once during every enforce- 
ment source test  as two steps: (1) an optional  p r e t e s t  a u d i t ,  
and (2) a mandatory a u d i t  during the analysis  of the f i e l d  sam- 
ples .  
8.1.2.1 Pretest Audit of Analytical  Phase (Optional)  - The pre- 
t e s t  a u d i t  f o r  determining t h e  proficiency of the ana lys t ,  the 
accuracy of t he  ana ly t i ca l  procedure, and the  accuracy of the 
standards should be performed a t  the d i sc re t ion  of the agency 
audi tor ,  by using aqueous sodium f luor ide  (WaF) samples provided 
t o  the  laboratory before the enforcement source tes t .  The NaF 
samples may be prepared by the same procedures used f o r  preparing 
control  samples (Sect ion 3.9.5). 

The p r e t e s t  aud i t  is espec ia l ly  recommended f o r  a laboratory 
w i t h  l i t t l e  o r  no experience w i t h  %he Method 13B ana ly t i ca l  
procedure (Section 3 9 5 ) . The laboratory should notify t he  
agency/organizatisn requesting the performance test of t he  i n t e n t  
t o  test 30 days before the enforcement source t e s t ,  and should 
request t h a t  the following a u d i t  samples be provided: a 1-2 
sample f o r  a Pow concentration (0.2 t o  1 .0  mg F/dscm of gas 
sampled o r  approximately 1 t o  5 rng NaFJdl of sample) and a 1-2 
sample f o r  a high conccntzation (2.0 t o  1 0 . 0  mg F/dscm of gas 
sampled or approximately 1 0  t o  50  mg NaF/A of sample). A t  least  
10 days before the enforcement source tes t ,  the  agency/organiza- 
t i o n  should provide t h e  aud i t  samples. The laboratory could 

t o  the  agsncy/organization before the enforcement source t e s t .  

analyze t he  low and high concentrations,  and submit the 
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Note: The ana lys t  performing t h i s  opt ional  audi t  must perform 
the f i e l d  sample ana lys i s  a l so  (Subsection 8.1.3). 

The agency/organization determines the percent accuracy, y&, 
between the measured and t h e  known concentrations of the audi t  
sample using Equation 8-2. 

Equation 8-2 

where 
.CF(M) = concentration of the aud i t  sample measured by lab  

C F ( A )  = known concentration of the  aud i t  sample, mg/xnl.  
The YJ i s  a c t u a l l y  a measure of the inaccuracy of: the analytical 
phase. 

The cont ro l  l i m i t s  f o r  i s  expected t o  be within f12% of  
t r u e  value. 
8.1.2.2 Audit of the Analysis (Mandatory) - The purpose of this 
mandatory a u d i t  is  t o  assess the  data  q u a l i t y  a t  the t i m e  of the 
analysis ;  this a u d i t  is useful  i n  checking computer programs and 
manual methods of data processing. The agency should provide two 
aud i t  samples t o  be analyzed along with the field samples. The 
percent accuracy (y&) of the a u d i t  samples (determined using 
Equation 8 - 2 )  should be included i n  the enforcement source tes t  
repor t  as a measure of the inaccuracy ( b i a s  and imprecision) of 
the ana ly t i ca l  phase o f  Method 13B during the ac tua l  enforcement 
source t e s t .  
8.1.3 Audit of  Data Processing - Data processing e r r o r s  may be 
determined by independent ( a u d i t )  ca lcu la t ions ,  s t a r t i n g  with 
da ta  on the f i e l d  and laboratory data forms. I f  a difference,  
o ther  than roundoff e r r o r  is detected between t h e  o r ig ina l  and 
the  aud i t  ca lcu la t ions ,  check a l l  data ca lcu la t ions .  Alterna- 
t i v e l y ,  the data processing may be audited by providing the 
t e s t i n g  laboratory w i t h  s p e c i f i c  da ta  sets (exac t ly  as would 
occur i n  the  f i e ld )  and by requesting t h a t  the r e s u l t s  qf the 7' 

data ca lcu la t ions  be returned to the agency/organization. 

ana lys t ,  m g / m l ,  and 
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8 . 2  Sys tem A u d i t  
A system audit--an on-site inspection and review o f  qua l i t y  

assurance checks on t h e  t o t a l  measurement system (sample col lec-  
t i o n  and ana lys i s ,  data  processing, e t c .  )--normally i s  a quali-  
t a t i v e  appra isa l  of da ta  qua l i ty .  

I n i t i a l l y ,  a system a u d i t  is . recommended f o r  each enforce- 
A f t e r  the  f i e l d  team has acquired s u f f i c i e n t  ment source test .  

experience w i t h  t h e  method, the frequency of  system audi t s  may be 
reduced--for example, t o  one o f  every four enforcement source 
t e s t s .  

The audi tor ,  i . e . ,  the person performing the  system audi t ,  
should have extensive experience i n  source sampling, s p e c i f i c a l l y  
with t h e  measurement system being audited. The aud i to r ' s  respon- 
s ibi l i t ies  are as follows: 

- 1. Inform t h e  f i e l d  team of the r e s u l t s  of p r e t e s t  per- 
formance audi t s ,  and specify any needed a t t e n t i o n  o r  improvement. 

Observe t h e  procedures and techniques used by the  f ie ld  
team during sample co l lec t ion .  

3. Check/verify the  records of apparatus ca l ib ra t ion  
checks and t h e  qua l i t y  cont ro l  char t s  used i n  the laboratory 
ana lys i s  of control  samples from previous source tests, i f  appli-  
cable. 

4. Forward t h e  r e s u l t s  of the  system' aud i t  t o  f i e l d  team 
management so t h a t  appropriate cor rec t ive  ac t ion  may be i n i -  
t i a t e d .  
while on-si te ,  the audi tor  should observe t h e  f i e l d  t e s t  team's 
ove ra l l  performance, including the following: 

2 .  

1. 
2. Preparing the absorbing so lu t ion ,  and adding it t o  the 

3. Checking the i sok ine t i c  sampling. 
4 .  

5. Conducting the  sample recovery, and checking the data 

Se t t i ng  up and leakchecking the sampling t r a i n .  

impingers. 

Conducting the p o s t t e s t  leak check. 

i n t e g r i t y .  
Figure 8 . 2  i s  a check l i s t  suggested fo r  use  by t h e  audi tor .  I 

\ I /  
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OPERATION 

Presampling Preparation 

1. 
2.  

3. 
4. 
5 .  
6 .  
7 .  

0 .  

9 .  

10. 
11. 
12. 

Knowledge of process conditions 
Calibration of equipment, before each 
field test 

On-'Site Measurements 

Sample train assembly 
Pretest leak check 
Isokinetic sampling 
Posttest leak check 
Record process conditions during sample 
collection 
Sample recovery and data integrity 

Postsamplinq 

Accuracy and precision of control sample 
analysis 
Recovery of samples f o r  distillation 
Calibration checks 
Calculation procedure/check 

Figure 8.1. Method 13B checklist for auditors. 
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TABLE 8.1. A C T I V I T Y  MATRIX FOR AUDITING PROCEDURES 

Audit 

Performance 
Aud.i t - 
Analytical 

phase o f  
Method 138 
us i ng aqueous 
sodium f luo-  
r i d e  

Data processing 
errors  

System audi t  

Acceptance 1 i m i  t s  

Measured concentrations 
o f  audi t  sample w i th in  
*12% o f  t rue  value 

Difference between 
o r ig ina l  and aud i t  
car1 cu l  at5 ons w i  t h i  n 
roundodf e r ro r  

Operation technique as 
described i n  Section 
3.9 

Frequency and method 
o f  measurement 

Once during every 
enforcement source 
test; measure audi t  
samples and compare 
the1 r Val ues w i th  
known concentrations 

Once during every 
enforcement source 
tes t ,  perform inde- 
pendent calculat ions 
s t a r t i n g  w i th  data 
recorded on f i e l d  
and laboratory forms 

Once during every 
enforcement tes t ,  
u n t i l  experience 
gained and then 
every four th  test ,  
observe techniques; 
use aud i t  check l is t  
(Fig 8.2) 

Action i f  
requi rements 
are not met 

Review 
operat i ng 
t ec hn i que 

Check and 
correct a l l  
data; recal- 
culate i f  
nece s s a ry 

Explain t o  
team devja- 
t ions from 
recommended 
techniques ; 
note on 
F ig  8.2 



. .,. 



Section No. 3.9.9 
Revision No. 0 
Date January 4 ,  1982 
Page 1 of  1 

9.0 RECOMMENDED STANDARDS FOR ESTABLISHING TRACEABILITY 
To acquire data  of good qua l i ty ,  two considerations are 

e s s e n t i a l :  
1. The measurement process must be i n  a s t a t e  of s t a t i s -  

t i c a l  cont ro l  a t  t he  t i m e  o f  the measurement, and 
2 .  The systematic e r r o r s ,  when combined with the random 

va r i a t ions  ( e r r o r s  of measurement), must r e s u l t  i n  acceptable 
uncertainty.  
Other q u a l i t y  assurance a c t i v i t i e s  include qua l i t y  control  checks 
and independent audi t s  of  the t o t a l  measurement system (Section 
3.9.8); documentation of data  by using qua l i ty  control  char t s  (as 
appropriate)  ; use of mater ia ls ,  instruments, and procedures that 
can be t raced  t o  appropriate standards o f  reference; and u s e  of 
contra1 standards and working standards f o r  rout ine data collec- 
t i o n  and equipment ca l ib ra t ion .  working standards should be 
t raceable  t o  primary standards: 

1. Dry gas meter ca l ibra ted  aga ins t  a w e t  t e s t  meter t h a t  

has been verified by l i q u i d  displacement (Section 3.9.2) o r  by a 
spirometer. 

2 .  Fie ld  samples analyzed by comparisons with standard 
so lu t ions  (aqueous N a F )  t h a t  have been val idated with independent 
control  samples. 





10.0 REFERENCE METHODa 

Method 138. Debmination of Total Fluoride 
Emissions Fmm Stationaw Soums: Specific 
Ion Electrode Method 
1. Appliwbility and Principle 

the determination of fluoride UmiSSiON 
from stationary 10~rc.c as rpad6ed in the 
xqulations. It does not meewe 
fluomrbonr. such 01  OM. 
13 Principle. Caw116 and patticdate F 

M withdrawm iookinetlully from the source 
m d  dollacted in water and on a filter. The 
total F ir then determind by the specific ion 
electrode method 
2. Ronpc and Senritivtop 

The range of this metbod it 002 to %OW pg 
F / d  however. mnasmments of less th8n 0.1 
pg F/ml require extra cam. Sensitivity has 
not been determined. 
S. Interfarenmu 

Creaie on u m p l e - e x p o d  surfacas may 
muse low F results h u m  of a&o,orption. 

1.1 Applicability. This method applim to 
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4. Precision and Accumcy 
4.1 Precision. The following estimates 

are based on a collaborative test done at a 
rimary aluminum smeller. In the t o t ,  six- P aboratories each sampled the stack 

rtmultaneously using two earnplfng trains for 
a total of 12 samples per sampling run. 
Fluoride concentration8 ancountemd during 
the tent ranged from 0.1 to 1.4 nq F/m? The 
within-laboratory and between-labontory 
s u n d u d  deviation& which include sampling 
and ~ d y s i s  errors, M 0.037 mg F/ma with 
do d m s  of W o r n  and 0.056 mg F/ma 
wlth%e degrees of fraudom. rupockively. 

4 2  Accuracy. The collabontlve test did 
not find any bias in the rnrlytid method 
5. Ap$amtw 

6.1 Sampling Train and Sunple R.covey. 
%me as Method 13h Sections 5.1 and 52 

S.Z Analyrlt. fbe following itmu a n  
need& 

5 2 1  Didlation Appurtua. Bunrm 
Burner. El.Ctiic Muffle Funrrce. Crudblm, 
Baakew Vol\imemc Flesks, klonmeyu 
Flrslu Ot~PlUtlC Botthh con8tAnt 
Tempumtum Bath and Balmu. h e  u 
Mothod l3A SwtIonr 532 to S.3.B. 
mrpacttvely. except include a h  1004 
poiyethylane braken. 
1- Fluorll Ion Activiv Senriq 

u m r .  
junttioxL slr8ve type. 

n8psctiVUly. 

5.z3 ReferancrElectroae. Single 

. S 1 4  Elacwmeler.- A pM meter with 
miUlvolt-ruie capable of 20.1-mv rwolutioa 
or .a rpsciflt ion meter made specifically for - 
specific ion UM. 

5- Magnetic Stinsr end TFE 
Fluorourbon-Corted S t H q  bra.  
8. h g e n b  

6.1 Sampling and Sample Recovery. 
S m a  8s Method 13A kctlonr 8.1 and s3 
-VdY. 

6.2 Aaaly+ Use ACS m a w t  grade 
chemicals (or fiuivalmt). unlees othemiw 
rpsdfied fie magcnts needed for anelpi8 
art 88 followr: 
6.21 Calcium Oxide (CaO). Cvtifid 

grade containing 0.005 percant F or less. 
6.2.2 Phenolphthalein hdfwtor. 

Dissolve 0.1 8 of phenoiphtkalein in a mixture 
of % nil of 80 percent ethanol and SO ml 
deionized disWIad water. 

6.U Sodium Hydroxide (NOOH). 
Pellets. 

8 2 4  Sulfuric Acid (&SO,). Concentrated, 
6.25 Filtm. M'habnm No. Mi. or 

uquivakat 
0.28 Waler. From same container u 

6.13 of Method 13A. 
6 5 7  Sodium Hydroxide. 5 M. Dlswlvc 

20 of NsOH in 100 ml of deionized distilled 
water. 

6.20 Sulfunc Acid. 25 pcrccnt (V/V). 
Mix1 part of concentrated HSO. with 3 
parts of deionized distilled water. 
~~ ~~~ - 

'Mention of any trade namt or rpecific p d w  
does no( constttuie mdorwnen: by the 
Environmental Prulrction -ray. 

%aken from Federal Re ister, Vol. 45, No, 121, pp. 41857-41858, + :,.p-j rridry , ~~n-9 

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 13b rather than the method presented.
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6.2.9 Total Ionic Shngth Adjustment 
Buffer (TISAB). .Place appmxinutely 500 ml 
of deionized distilled water in a I-liter 
kakar .  Add 57 ml of glacial acetic acid, 59 8 
of sodium chloride, and 4 8 of cyclohoxylene 
dinitrilo tetraacetic add Stir to diuolve. 
#rco the baker in a water bath to cool if 
Slowly add 5 k NaOH to the solution, 
marwlng the pH condnumly wlth a 
a l ibn ted  pH/mferencm e l d e  pair. until 
tbo pH 4s 53. Cool to mom tmpemtru~. Pour 
lato a 1-liter volumetric PM~. and dilute to 
vblume with deionized dirtilIed watrr. 
bmmerdally prspared f l s A B  may be 
rubrHtu?ed for tho above. 

8.210 Fluoride Standard Solution 0.1 K 
Oven dry some sodium fluoride (NaFJ for a 

, minimum of 2 boun at 1WC and rtoro in a 
dosiccator. Then add 4 2  g of NIP to a 1-Uter 
volumetric tlrrk and add enough 'dcfosltzrd 
dirtiUd water to dissolve. Mlute to vohune 
wlth deionized distilled mtrr. 
1. Procadurn 

7.1 Slmplin& Sample Recovery, and 
Sample Reparation and Distillation. Same 
a$ Method 13A Soctim 7.1.7i rtrd t.3, 
mapeC!ivoly. except &e notes concuniq 
chloride and rulfate interferences are not 
applicable. 

721- Containon N a  1 and No. 2 DirtUl 
ruitable aliquots from Containan No. 1 and 
Nq. 2 Dtlute the distlhte in the volumetric 
hsks to exactly 2SO ml with deionized 
distilled water and mix thoroughly. Pipet a 
2Sml aUquot h m  each of the distilate ond 
nparsto beakem Add an equd volume of 
TSAR and m k  The ramplo should k at the 
-me tempurahm ar the calibration 
rtanduda when measwmsatr are mado. If 
ambient lnboratoy temperature Puctuatu 
more than *Z'C from the tempomtwo at 
which tho dintion standards worm 

" m e a r d  condition aamples and rt.ndard5 
in a constant-temper8tum bath beforo 

magnetic stLrsr d u h g  measurement to 
lninimize electrode raaponsc t h e .  If the 
rtlmr generates emu& b a t  to change 
solution tenuperahue place a piece of 
kmperoture ineulating material such aa cork, 
ktween the rtirnr and the beaker. Hold 
cllfute sampler (below W4 M fluoride ion 
amteat) in polyethylene beakers during 
-mmt 

1 7 2  Analyair 

#.SURlD8Ut s& tho mph Mtb 8 

h e r t  the fluoride and reference elecmdea 
into the solution. When a rteady miltivolt 
landing ir obtained. ncord it. Thir may take 
several minulea. Determine concentradon 
from the alibratlon m e .  &twwn r b d e  
meaaunments, rlnre the rlectrodo witb 
distilled water. 

7.Z2 Goatrhor No. 3 (Sica Col). Sam0 
r!Method15AS@on7.4l , , 

8. Cafibmtion 

d b n U o M .  

13A 
a2 Fluoride Xlctrode. Prepare fluoride 

q t d a r d k b q  WIUUON by aerial dilutlon of 
tho 0.1 M fluoride rtandud rolutlon Hprt 10 
Ihl of 0.1 M Cluorido ttrndrrd dlutlon into a 
1OO.ml wlm0bic ,h&, and make up to tbe 
mark with deionlzod distillo$ wator tor a lQ1 
M rtmdard rolunon. Urn 10 ml of 1 O - W  
wlutlon to d o  a I S 8  M roludon in tho 
wqla mumer. Repat  the dslution pmcodu?e 
md nuke lff and iO'@rolutlonr. 

wprnh boaiiar. Add 50 ml of TISAB to each 
beaker.'Place the elactrode Sn the moat dilutr 
rtandad wlution. Whon a rteady mWivolt 
~ a d h g  ir obtained, plot the volue on the 
h e a r  udr of somilog (prph paper venue 
concentmtlon on the log uir. Plot the 
nominal value for concrnmtion of the 
rtandud on tho log uir. e.s, when SQ ml of 
lQ* M rtandud ti diluted witb SO ml of 
TISAE, the oonconmtion is rtiU desi@ated 
?O"EUL" 

Between moanwments m k  the Quoride 
r.nrlng docbode in deionized dirtllled water 
for 30 romnda and then remove and blot dry. 
M y r a  tho atmdanb so@ from dIluto to 

Maiotrin a IaboRtoy log of rll 

' 8.1 Sampliq Tntn. *me a5 Mothod 

Rwt 50 Ud Of 08Ch StUloord  ht0 

Date January 4 ,  1.982 
Page 2 of 2 

Whom 
K= I@ mg/rnL 
10. Rsfemnces 

of section la 
1. Same as Method 1 3 k  Citations 1 and 2 

2 Mchod hthyn E 8 4  Howard L 

concentretul rtandarda. A smwt-line 
calibration curve wil l  be obtained, with 
nominal concentntiona of 102 iff? iff? 
and 10''dluodd molarlty on the log axis 
plotted v o m s  e!keode potendal (in mv) on 
the Unou ralo. Some olec~mdn may bo 
pllghtly noallnoor bokmn 1Q@ and 1 V M  If 
thir oceunt uu addstional rtmdarda between 
h e  two coneenhtionc 

I Cdibnte tho floorido elrchodo daily. and 
ebW& l'hbpriy. Repam h h  hor ide  
rtrndudidry sohrUom daily (1W.M or leu). 
Store fluoride s tmdrrdMq solutfm in 
polyethyleno or polypropylrno contaisen. 
@lot= cvuio aprciac ion matorn have laoea 
dwfgnd apddcrily for ho r id r  elwtmdo 
um and a d k t  madout of hor ido  ion 
concentration, Them matam may bo orad tn 
Urn of dbmtioa c w w  far fluoride 

ranges, Calibratr the meter according to the 
manufacwrer'a instructio~.) 

carry out alnrlatiolw re at loost 
on6 uctn decimal B#we b e y x t  of th8 
acquired data Round off fi- after Bnd 
ultuirti0rr. 

-on 9.1. In addUa*  
M-P concentration from calibration CUN 

93 Average Dry Car Meter Tomperafure 
m d  Average orifice Presnva Dmp. Dry Cu 
Volume, Volume of Water Vapor and 
Motmn Content Fluroide Concmmtion in 
Stack Car, and hkinetic Variation and 
Acceptable Rerulta. Same u Method 13h  
Soction 9 2  to 9.49dt  and 9.8, mspsctively. 

Q.3 FluorlL in Spmph. Calculate tho 
amount of F in the ample us- the 

m B 8 m O l l t r  OVm durOW C O n W l l ~ ~ O n  

' 8. c4icurotsonr 

a1 NommJam. QMeasMethodfp 

moluity. 

following: 

Equation 138-1 

Criat. Comparison of the SPADNS- 
Zirconium Lake and Specific Ion Electrode 
Method8 of Fluoride DetermioaYon in Stack 
Emiraion Sampler. h l y t I d  Chemirty. 
46:1272-lZ73.1973. 
(FR Dec-imW F i  buQ (PQ am1 
OWnQ - u I w 1 - Y  

US EPA EMC
The Federal Register Version Presented was published with this Report but has been supeceded.  Users should use the most recent version of EPA Method 13b rather than the method presented.
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12.0 DATA FORMS 

Blank data forms are provided on the following pages for the 
convenience of the Handbook user. Each blank form has the cus- 
tomary descriptive title centered at the top of the page. How- 
ever, the section-page documentation in the top right-hand corner 
of each page of other sections has been replaced with a number in 
the lower right-hand corner that will enable the user to identify 
and refer to a similar filled-in form in the text section. For 
example, Form M13B-1.2 indicates that the form is Figure 1.2 in 
Section 3.9.1 of the Method 13B Handbook. Future revisions of 
this form, if any, can be documented by 1 . 2 A ,  1.2B, etc. Fifteen 
of the blank forms listed below are included in this section. 
Three are in the Method Highlights Section as shown by the MH 
following the form number and one is left blank in the text. 

Form 
1.2 
- Title- 

Procurement Log 
2.3A & B D r y  Gas Meter Calibration Data Form 

(English and Metric units) 
2.4A & B 

2 . 5  

2 . 6  

2.7 
3.1 ( M H )  
4.1 
4.2 
4.3 
4.4 
4.5 (MH) 
5.1 

Posttest Xeter Calibration Data Form 
(English and Metric units) 
Stack Temperature Sensor Calibration 
Data Form 
Nozzle Calibration Data Form 
Fluoride Calibration Curve Data Form 
Pretest Sampling Checks 
Nomograph Data Form 
Fluoride Field Data Form 
Sample Recovery and Integrity Data Form 
Sample Label 
On-Site Measurement Checklist 
Posttest Calibration Checks 



Title 
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5.2 
5.3 
5.4 
6.1A & 6.1B 

8.2 (MH) 

Fluoride Analytical Data Form 
Sample Analytical Data Form 
Expanded Calibration Curve Data Form 
Fluoride Calculation Data Form 
(English. and Metric units) 
Method 13B Checklist To Be Used by Auditors 

1 .  





DRY GAS METER CALIBRATION DATA (English units) 

Date Meter box number 

Barometric pressure in .  Hg Calibrated by -. 
'b - 

Orifice 
manometer 

set t ing  

in .  HzO 
9 

0.5 

1.0 

1.5 

2.0 

3.0 

4 . 0  

c .  

Gas volume 

meter meter 

5 I 
5 I 

P I 

Temperatures 1 I 
Wet test D r y  gas meter - , 

meter Inlet  Outlet Avg' Time 
( t w ) p  (td 1, (td 1 9  ('1, 

i 0 

c___ 

I I I 

I I I 
0.5 

1.0 

1.5  

2.0 

3.0 

.II 

111 

c 

- 

'If there is  only one thermometer on the dry gas meter, record the temperature 
under td. 

Quality Assurance Handbook M5-2.34 4 



PfETER BOX CALIBRATION DATA AND CALCULATION FORM (English u n i t s )  
Nomenclature: 

= Gas volume passing through the  w e t  tes t  meter, f t 3 .  vw 
Vd = Gas volume passing through the dry gas meter, f t3 .  

tw = Temperature of the gas i n  the w e t  test meter, OF. 

td = Temperature of the i n l e t  gas of the dry gas meter, OF. 
i 

td = Temperature of the ou t l e t  gas of the dry gas meter, OF. 
0 

td = Average temperature of gas i n  dry gas meter, obtained by average td and 
td , OF. i 

0 

AH = Pressure d i f fe ren t ia l  across or i f ice ,  in. H20. 

Yi = Ratio of accuracy of wet test  meter to dry gas meter for each run; tolerance Yi = 
Yf0.02 Y. 

Y = Average r a t i o  of accuracy of w e t  test meter t o  dry gas meter for a l l  s i x  runs; 

AH@i = Orifice pressure different ia l  at each flow r a t e  that gives 8.75 ft3/min of a i r  a t  
standard conditions for  each ca l ibra t ion  run, in .  H20; tolerance = AH@fO.lS 
(recommended). 

AH@ = Average o r i f i ce  pressure d i f fe ren t ia l  t h a t  gives 0.75 ft3/min of a i r  a t  standard 
conditions €or all six runs, in .  H20; tolerance = 1.84f0.25 (recommended). 

8 = Time for each cal ibrat ion run, min. 

P., = Barometric pressure, in .  Hg. 

Quality Asl8UrmCe Handbook M5-2.3A (backeide) 



DRY GAS METER CALIBRATION DATA (metric units) 

25 

40 

50 

75 

100 

Date 

~ ~- 

0.15 

0.30 

0.30 

0.30 

0.30 

Meter box number 

m Hg Cal2brated by - 
'b - Barometric pressure, 

manometer I meter 

10 I 0.15 

13.6 

10 0.7 

25 1.8 

40 2 . 9 4  

50 3.68 

75 5 . 5 1  

100. 7.35 

M@i = Pb (ta + 273 

L J 

a If there i s  only one thermometer on the dry gas meter, record the temperature 
under t d '  

Qua1 i t y  Assurance Handbook M-5-2138. 
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METER 5OX CALIBRATION DATA AND CALCULATION FORM (metric uni t s )  
Nomenclature: 

= Gas volume passing through the w e t  test  meter, m3. vW 

vd = Gas volume passing through the dry gas meter, 83. 

tw = Temperature of the gas in the w e t  t es t  meter, OC. 

td = Temperature of the  i n l e t  gas of the dry gas meter, OC. 
i 

td = Temperature of the ou t l e t  gas of the dry gas m e t e r ,  OC. 
0 

td = Average temperature of gas i n  dry gas meter, obtained by average of td and 
td , OC. i 

0 

AH = Pressure d i f fe ren t ia l  across or i f ice ,  mm H20. 

Yi = Ratio of accuracy of w e t  test meter t o  dry gas meter for  each run; tolerance Yi = 
Y+O.Q2 - Y. 

Y = Average r a t io  of accuracy of w e t  test  meter t o  dry gas meter fo r  a l l  s i x  runs; 

AH@i = O r i f i c e  pressure d i f fe ren t ia l  a t  each flow ra t e  t h a t  gives 0.021 m3 of a i r  a t  standard 
conditions for each cal ibrat ion run, mm H,O; tolerance Ami = AH@k3.8 mm H20 
(recommended). 

AH@ = Average or i f ice  pressure d i f fe ren t ia l  t h a t  gives 0.021 m3 of a i r  a t  standard con- 
di t ions for  a l l  s ix  runs, nun H,O; tolerance AH@ = 46.74 +6.3 mm H20 (recommended). - 

0 = Time of each cal ibrat ion run, min. 

Pb = Barometric pressure, mm Hg. 

Qual i ty  Assurance Handbook M5-2.3B (backside) 
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POSTTEST DRY GAS METER CALIBRATION DATA FORM (English units) 

Test numbers  -- Date Heter box number P lan t  

Ba romc t ric pressure,  in .  Hg Dry gas meter number P r e t e s t  Y - 
'b - 

meter meter 

Orifice 

se t t i ng ,  

in. H20 
O F  "F OF 

10 

10 

10 

Time 

min 
(0 )  , 

Vacuum 
s e t t i n g  , 

in .  Hg 

Y =  

Vw P,, (td + 460) 

a If there  is only one thermometer on t h e  dry  gas meter, record t h e  temperature under td. 

Vw = Gas volume passing through the w e t  test meter, f t3 .  

Vd = Gas volume passing through the  dry gas Peter, f t3 .  

tw = Temperature of the  gas i n  the  w e t  test meter, OF. 
= Temperature of the  i n l e t  gas of t he  dry  gas meter, "F. 

= Temperature of t he  o u t l e t  gas of t h e  dry  gas meter, OF. 

td 

Cd 

i 

0 

td = Average temperature of t he  gas in the  dry gas meter, obtained by t he  average of td 

&I = Pressure d i f f e r e n t i a l  across  o r i f i c e ,  i n .  HeO. 
Yi = Ratio of accuracy of w e t  test meter t o  dry  gas meter f o r  each run. 

and td , "F. 
i 0 

Y = Average r a t i o  of accuracy of w e t  test meter t o  dry gas meter f o r  a l l  t h ree  runs; 
tolerance = p r e t e s t  Y +O.O5Y - 

Pb = Barometric pressure,  i n .  1%. 

8 = Time of ca l ib ra t ion  run, aia. 

Quality Assurance Handbook MS-2.4A 



POSTTEST METER CALIBRATION DATA FORM (Metric units) 

T e s t  numbers Date Meter box number Plant  

Barometric pressure, P, = nnn Hg Dry gas meter number Pretest  Y 

meter meter 

O r i f i c e  

lltm HZO 

0.30 
0.30 
0.30 

m i  n 

'i 

Y =  

'i 

Vw P, (td + 273) 

I f  there i s  only one thermometer on the dry gas meter, record the temperature under td. a 

Vw = Gas volume passing through the wet t e s t  meter, m3. 

vd = Gas volume passing through the dry  gas meter, m3. 
tw = Temperature o f  the gas i n  the wet t e s t  meter, OC. 

= Temperature o f  the i n l e t  gas o f  the dry gas meter, OC. 

= Temperature o f  the o u t l e t  gas o f  the dry gas meter, OC. 

tdi 

td 
0 

td = Average temperature o f  the gas i n  the dry gas meter, obtained by the average o f  td and t,, , OC. 
AH = Pressure d i f f e r e n t i a l  across o r i f i c e ,  i n  H20. 

Yi = Rat io o f  accuracy of wet t e s t  meter t o  dry gas meter f o r  each run. 

i 0 

Y = Average r a t i o  o f  accuracy o f  wet t e s t  meter t o  dry gas meter f o r  a l l  three runs; 
tolerance = p re tes t  Y - +O.O5Y 

Pb = Barometric pressure, in. Hg. 

0 = Time o f  c a l i b r a t i o n  run, min. 

Quality Assurance Handbook M5-2.4B 
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STACK TEMPERATURE SENSOR CALIBRATION DATA FORM 

Date Thermocouple number 

Ambient temperature O C  Barometric pressure in .  Hg 

Cal i bra tor  Reference: mercury- in-g1 ass 

other 

Reference 
p o i n t  

number 
Source" 

(specify) 

d 

Reference 
thermometer 
temperature, 

O C  

Thermocouple ' 
potent i ometer 
temperature, 

O C  

Temperatureb 
di f f erence , 

% 

Temperatureb 
di f f erence , 

% 

'Type o f  ca l i b ra t i on  system used. 
b[(ref temp, 'C + 273) - ( t e s t  thermom temp, OC + 273)] looLl.s%. 

r e f  temp, "C + 273 

Qua1 i ty  Assurance Handbook M5-2.5 



NOZZLE CALIBRATION DATA FORM 

Date Calibrated by 
-- 

Nozzle 

number 
identification o'zzle D i a  

nun ( i n . )  
D2 

etera 
D3 t 

mm (in.) 
AD, 

nun ( i n . )  

where : 

= three different nozzles diameters, mm ( i n . ) ;  each 
1 f 2 ' 3 t  diameter must be within (0.025 mm) 0 .001  in .  

aa 
b AD = maximum difference between any two diameters, mm ( i n . ) ,  AD L(O.10 mm) 0.004 i n .  

c: 
%vg = average of D1, Dp, and D3. 

Quality Assurance Handbook M5-2.6 



FLUORIDE CALIBRATION DATA FORM 

LABORATORY WORKSHEET 

Date 

Date standards prepared 

Temperature o f  standards Electrode number 

-Standard number 

Control Sample 

Concentration (M) 

0.000001 

0.00001 

0.0001 

0.001 

0.01 

0.1 

Electrode potential (mV) 

- Note: 
curve must be between 0.002M and 0.0W. 

The concentration o f  the control sample determined from the calibration 

Signature o f  analyst 

Signature o f  reviewer 

Qua1 i ty Assurance Handbook M5-2.7 



NOMOGRAPH DATA FORM (English un i t s )  

Plant  

Date 

sampling locat ion 

I 
Calibrated pressure d i f f e ren t i a l  across 

Average meter temperature (ambient + 20°F), O F  

or i f i ce ,  in .  H 2 0  

I 
Percent moisture i n  gas stream by volume, % 

Barometric pressure a t  meter, in .  Hg 

S t a t i c  pressure i n  stack, in .  Hg 

Ratio of s t a t i c  pressure t o  meter pressure 

(P,f0.073 x stack gauge pressure, in .  H z O )  

Average stack temperature, OF 

Average ve loc i ty  head, in .  H 2 0  

Maximum veloci ty  head, in .  H20 

C fac tor  

Calculated nozzle diameter, i n .  

Actual nozzle diameter, i n .  

Reference A p ,  in .  H 2 0  

*=@ 1 

1 

Quali ty  Assurance Handbook MS-4.1 



PARTICUUTE FIELD QATA FORH 
Sheet o f  
Nozzle i d e n t i f i c a t i o n  number 
Nozzle diameter mm (in.) 

P1 ant 
City 
Location 
Operator 
Date 
Run number 
Stack diam, mm ( i n . )  

_ ._  

Thermometer number 
F ina l  leak r a t e  ma/min (c fmj  
Vacuum dur i ng 1 e E h e c  k 

m m m  
F i  1 t e r  pos i t i on  
Maximum AH Sample box number 

Meter box number 
Meter AH@ 

Remarks 

Temp 
o f  gas 
1 eavi ng 

condenser 
o r  l a s t  

impi nfer, 
"C ( f )  

Pressure I 
d i f f e r -  
e n t i a l  
across 
o r i f i c e  

meter (AH), 
mm 

( in.)  H20 

Stack 
tempera- 

tu re  

Veloc i ty  
head 

(AP 1, 
m i l  

( i n . )  H20 

Gas sample temp- I erature a t  dry  
Samp 1 i ng 

t i m e ,  
(e), min 

Clock 
time, 
(24 h) 

Vacuum, 
mm 

( i n . )  Hg 

Gas sample 
volume V 
m3 ( f t  & 1"' 

Traverse 
po in t  
number 

as meter 

Total Max Max 

Qua1 i ty Assurance Handbook M5-4.2 



SAMPLE RECOVERY AND INTEGRITY DATA FORM 

Plant sample date 
Sample location R u n  number 
Sample recovery person Recovery date 

MOISTURE 
Impingers si l ica gel 
Final volume ( w t )  ml (g) Q Q 
I n i t i a l  volume (wt) ml (9) 9 Q 

Final wt 

I n i t i a l  w t  
Net volume ( w t )  ml (a) N e t  w t  

Total moisture a 
Color of s i l i c a  ge l  
Description o f  impinger water 

RECOVERED SAMPLE 

Water rinse and 
impinger contents Liquid level P 

container number marked? 
Water blanJc Liquid level 

Samples stored and locked? 
Remarks 

container number marked? - 

Date of laboratory custody 
Laboratory personnel taking custody 
Remarks 

Quality Assurance Handbook M5-4.3 
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EXAMPLE OF A SAMPLE LABEL 

f--- I Plant  -5 City 

S i t e  - Sample type 

Run number - 
Front r i n s e  a Front f i l t e r  0 Front solut ion 0 

1 Back r inse  0 Back f i l t e r  0 Back so lu t ion  0 

Solut ion Level marked 

. Volume: I n i t i a l  - F i n a l  

Clean up by 

.. 
v) 
Y 
L 

Qua1 i t y  Assurance Handbook H5-4.4 
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POSTTEST CALIBRATION CHECKS 

Plant Calibrated 

Meter box number Date 
Dry Gas Meter 

Pretest calibration factor, Y 
Posttest check, Y* 
Recalibration required? 

Lower calibration factor, Y 

(within fZ%) 
(within is% of pretest) 

Yes no 
(within f2%) 

for calculations (pretest or 
If yes, recalibration f- 

posttest) 

Dry Gas Meter Thermometers 
no Yes 

If yes ,  temperature correction (wi-OC (5.4'F) over 

f6OC (10.8OF) at ambient temperature) 

Was a pretest temperature correction used? 

Posttest comparison with mercury-in-glass thermometer?* (within 

Recalibration required? 

range 1 

Yes n f 3 O C  no 
Recalibration temperature c o r r e r  (withi 

- -  (5.4OF) over range)* 
f f  yes, no correction necessary for calculations if meter 
themometer temperature is higher; if calibration temperature 
is higher, add correction to average meter temperature for 
calculations 

Stack Tempereure Sensor 
no 

OC (OF) (within i1.5% of Was a pretest temperature correction used? Yes 
If yes, temperature correction 
readings in K (OR) over ranuel e .  

Average stack temperature of compliance test, T 

Temperature of stack thermometer for recafibration 

3 (OR) 

K (OR) 

AT K ( O R )  no 
If yes, no correction necessary for calculations 
If no, calculations must be done twice-once with the recorded 
values and once w i t h  the average s tack  temperature corrected to 
correspond to the reference temperature differential (ATs) ,  
both final result values must be reported since there is no way 
to determine which is correct 

Temperature of reference thermometer or salutiofi for reCalibra- 

Difference between reference and stack thermometer temperatures, 

tion K (OR)* (within ilO% of T ) 

DO v h e s  agree within *LS%?* Yes 

(continued) 

Quality Assurance Handbook M5-5.1 
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(continued) 

Barometer 

Posttest comparison?* 
no Yes .-, 

mm (in.) Hg (f2.5 mm (0.1 in.) Hg) no 

If yes, no correction necessary for calculations when the field 
barometer has a lower reading; if the mercury-in-glass reading 
is lower, subtract the difference from the f i e l d  data readings 
for the calculation 

Was the pretest field barometer reading correct? 

Was calibration required? Yes 

*Most significant items/paremeters to be checked. 



FLUORIDE ANALYTICAL DATA SHEET 
Plant Date 
Sample location Analyst. 
Samples identifiable Yes no All liquid levels at marks Yes no 
Ambient temperature Constant temperature bath used Ye= no 
Temperature o f  calibration standards Date calibration standards prepared 
Temperature of samples 

Total 
Sample volume of 

Sample identification sample, 
number number U t > ,  

I I 

Total weight of fluoride in sample (Ft) 

A1 i quot 
total sam- 
ple added 
to still 
(At), ml 

O i  1 uted 
volume o f  
distillate 
collected 
(vd)B ml 

El ect rode 
potential, 

mV 

Concentration 
of fluoride 
from cali- 

bration curve, 
(M), molarity 

Total 
weight o f  
fluoride 
in sample 
( F t L  mg 

Ft = 1 g ( V  ) (M) 
At 

Signature o f  analyst Remarks : 

Signature o f  reviewer or supervisor 

Qua1 i ty  Assurance Handbook H5-5.2 



EXPANDED CALIBRATION CURVE DATA FORM 

LABORATORY WORKSHEET 

Date 

Date standards prepared 

Temperature of standards Electrode number 

Signature o f  analyst 

Signature o f  reviewer 

Qua1 Sty Assurance Handbook MS-5.4 



SAMPLE VOLUME: (ENGLISH W I T S )  

+ (AH/13.6) 
- =  ft3 

- c -  

Pbar - -  = 17.64 V my 
Vm(std) Tm 

Equation 6-1 

FLUORIDE CONTEN!T IN SAMPLE 

CONCENTRATION OF FLUORIDE (ENGLIGH W I T S )  

Ft " c, = 35.31 
'm(sta) 

Equation 6-4 

All sther equations same as Methods 2 and 5 .  

Quality Assurance Baxrdbook M5-6.IA 



m3 Equation 6-1 - - -  - - + (~€3/13.6) 
- 'bar = 0.3858 vm Y 

'rn( std)  Tm 

Equation 6-4 

CONCEXTRATION OF FLUORIDE (METRIC UNITS) 

mg - - -  - - - - -  d s m l  Ft = - . - - - '  FtJ) - - - 
'm(std) - 

All other equations same as Methods 2 and 5.  

Equation 6-5 

Quality Assurance Hmdbook M5-6.18 
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